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EXECUTIVE  SUMMARY 


The  objective  of  this  study  was  to  identify  a battery  of  such  tests 
that  will  determine  the  potential  toxic  nature  of  a chemical  in  the  most 
efficient  and  cost  effective  manner  using  currently  available 
techniques.  A panel  of  ten  toxicology  experts  was  assembled,  and  a 
contractor  team  provided  management  support  and  selected  scientific 
literature  review  and  analysis. 

In  order  to  focus  on  specific  endpoints  or  effects  encountered  in 
acute  or  subchronic  animal  studies  and  to  select  those  endpoints  which 
might  be  predictive  of  chronic  lesions,  the  panel  recommended  a 
literature  review  be  carried  out  on  specific  chemical  compounds.  Six 
compounds  were  selected:  benzene,  cadmium,  phosphorus,  formaldehyde, 
phosgene  and  oxides  of  nitrogen.  Subsequently,  the  literature  was 
searched  for  thirteen  categories  of  effects  as  reported  for  each  compound. 

In  order  to  reduce  the  data  obtained  on  individual  compounds  to  a 
manageable  form,  a matrix  was  devised.  Each  matrix  contained 
representative  endpoints  in  the  thirteen  categories  as  reported  in  acute, 
subchronic  and  chronic  studies.  Each  matrix  was  accompanied  by  a 
literature  review,  limited  to  data  on  endpoints,  animal  species  and  doses 
administered. 

The  panel  members  not  only  selected  predictive  endpoints  where 
possible  but  indicated  their  choices  of  short-term  in  vivo  or  in  vitro 
tests  which  might  be  employed  in  screening  tests.  ^ summary  oT” endpoints 
and  recommended  tests  was  compiled  which  then  served  as  one  basis  for  the 
panel's  final  reconmendations . 

The  second  major  basis  for  decisions  of  the  panel  was  a series  of 
position  papers  which  are  incorporated  in  the  final  report  of  this 
study.  Position  papers  were  prepared  on  the  following  subjects: 
Pharmacokinetics,  In  Vitro  Testing,  Behavioral  Toxicity  Testing, 
Reproduction  Assessment  Testing,  and  a Concept  for  Toxicological  Testing. 

As  a result  of  evaluation  of  six  compounds  with  respect  to  predictive 
endpoints  and  short-term  tests,  review  and  evaluation  of  five  position 
papers,  and  by  their  collective  judgements,  the  panel  of  experts  made  a 
series  of  reconmendations  for  a minimal  toxicology  screening  program 
encompassing  short-term  in  vivo  and  in  vitro  tests.  The  recommendations 
made  are  summarized  as  f^lows: 


1. 


2. 


3. 

4. 


Perform  complete  hematological  work-up 

Carry  out  bone  marrow  smears  (differential) 

Conduct  a modified  one-generation  mouse  reproduction  study 

Carry  out  selected  short-term  in  vitro  tests  (cytotoxicity, 
mutagenicity,  carcinogenicity) 
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5.  Perform  infectivity  teat  (hyperauaceptibil ity) 

6.  Conduct  atandard  central  nervoua  ayatem  obaervational  evaluationa 

7.  Perform  aimple  motor  and  aenaory  function  teata  and  behavioral 
aaaoaament  teata 

8.  Perform  heart  and  vaacular  ayatem  organ  function  teata 

9.  Carry  out  general  and  apecific  biochemical  analyaea 

10.  Determine  organ/body  (or  brain)  weight  ratioa  and  conduct 
atandard  hiatological  examinationa 

11.  Perform  aimple  akin  and  eye  irritation  teata 

12.  Conduct,  at  early  atagea,  pharmacokinetic  atudiea  and  induction 
of  cytochrome  P450 

13.  Determine  phyaical  and  chemical  propertiea  of  each  compound 
including  oil/water  partition  coefficients  and  stability  in 
aqueoua  media  at  pH  4.0,  7.0,  and  10.0. 
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1.0  INTRODUCTION 


1.1  Statement  of  the  Problem 


Governmental  and  private  organizations  face  a formidable  task  in 
assessing  the  potential  toxicity  and  evaluating  the  safety  of  a number  of 
chemicals.  The  number  of  new  chemicals  being  developed,  in  addition  to 
numerous  existing  chemicals,  far  exceeds  present  capabilities  and  budgets 
available  for  toxicity  testing. 

This  study  was  predicated  on  the  basis  of  comparison  and  evaluation, 
by  a team  of  experts,  of  conventional  toxicity  tests  with  a substituted 
battery  of  short-term  tests.  The  requirement  is  to  develop  a battery  of 
screening  tests  that  would  be  predictive  of  long-term  toxicological 
effects  of  a chemical  compound.  The  battery  would  consist  of  a series  of 
simple,  rapid,  reliable  and  sensitive  tests.  Maximum  benefit  from  a 
battery  of  tests  would  be  achieved  if  the  screening  tests  yield  parallel 
information  provided  by  conventional  tests.  Ideally  a battery  of 
short-term  tests  would  yield  results  providing  insight  into  all  currently 
recognized  elements  of  toxic  responses  or  endpoints.  An  initial  model  of 
a battery  of  tests  may  of  necessity  include  simple  in  vivo  tests,  simple 
behavioral  toxicology  tests,  and  modified  or  simple  measurement  of  the 
physical-chemical  properties  of  a compound.  The  ultimate  battery  of 
tests  might  be  ideally  reduced  to  accepted  in  vitro  tests. 

1 . 2  Ag£roach_^o_^he_Probl^ 

An  overall  approach  to  the  problem  of  attempting  to  develop  a battery 
of  toxicity  screening  tests  was  predetermined  in  the  RFQ  (DAMD 
17-77-Q-7452) . More  specifically,  the  Department  of  the  Army's  Medical 
Research  and  Development  Comnand  wished  to  utilize  the  services  of  a 
review  team  or  panel  consisting  of  experts  in  toxicology  and  related 
fields.  Duties  of  the  expert  panel  would  include  evaluation  of 
toxicological  test  methods,  both  conventional  and  those  known  as 
short-term  tests  (both  in  vitro  and  in  vivo) . The  outcome  of  panel 
deliberations  would  be  recommends tionT  ^or  the  composition  of  a 
comprehensive  battery  of  short-term  tests  to  serve  as  a screening  system 
in  lieu  of  conventional  chronic  studies  with  test  animals.  The  role  of 
the  contractor  would  be  management  of  the  contract,  assistance  to  the 
Panel  after  its  selection  on  the  basis  of  contractor  recommendations  and 
Army  concurrence,  and  literature  search  and  retrieval.  An  initial 
meeting  between  sponsor  and  contractor  representatives  resulted  in 
selection  of  the  panel  as  shown  in  Figure  1.  The'^  contractor  management 
team  structure  and  its  principal  staff  members  are  shown  in  Figure  2. 

Discussions  during  the  first  panel  meeting  were  wide-ranging, 
essentially  expressing  individual  viewpoints  on  the  merits,  or  lack 
thereof,  of  short-term  in  vitro  and  in  vivo  toxicological  tests.  A 
consensus  finally  emerg^,  namely,  tiiat  the  literature  searching  should 
be  predicated  on  toxic  endpoints  normally  recorded  in  the  course  of 
conventional  toxic  substances  testing  in  animals.  A list  of  such 
endpoints  was  developed  by  the  panel  to  be  used  as  a preliminary  guide 
for  literature  searching.  It  is  noted  for  the  record  that  restrictions 
imposed  on  the  approach  to  the  problem  included  exclusion  of  mutagenesis 
tests  £er  se  and  tests  relating  to  aquatic  systems. 


Dr.  William  M.  Busey 
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Box  474 

Herndon , VA  22070 

Dr.  John  F.  Griffith 
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Dr.  Victor  Laties 
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P.O.  Box  3240 
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Dr.  Gilbert  J.  Manner ing 
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105  Millard  Hall 
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Dr.  Sheldon  D.  Murphy 
University  of  Texas 
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P.O.  Box  20708 
Houston,  TX  77025 

Dr.  Roland  Nardone 
Department  of  Biology 
Catholic  University  of 
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Washington,  D.C.  20064 

Dr.  Marshall  Steinberg* 
Tracor  Jitco,  Inc. 
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Dr.  James  G.  Wilson 
Children's  Hospital 
Medical  Center 
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Cincinnati,  Ohio  45229 


*Ex  Officio  Member 


Figure  1.  Toxicology  Review  Panel  Members 
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R JITCO  - SCIENCES  DIVISION 


During  the  second  panel  meeting  (30  November,  1 and  2 December  1977), 
various  members  expressed  dissatisfaction  with  the  results  of  the  initial 
approach  outlined  above.  It  vas  recognited  by  all  concerned  that  the 
toxicology  literature  was  too  voluminous,  in  view  of  dollar  and  time 
constraints,  to  exploit  it  on  the  endpoint  basis.  Tlie  Panel,  after 
considerable  discussion,  finally  recommended  that  a matrix  analysis 
should  be  considered.  The  general  concept  of  a matrix  analysis  was  based 
on  identifying  specific  endpoints  or  lesions  resulting  from  toxic  testing 
(acute,  subchronic,  chronic)  and  correlation  of  less-than-90-day  results 
with  long-term  (two-year)  data.  A critical  aspect  of  such  analyses  is 
that  retrospective  data  could  be  obtained  only  on  studies  of  a specific 
compound.  Species  of  animal  and  dose  regimens  employed  would  then  be  the 
principal  variables. 

Having  achieved  a consensus  that  a matrix  analysis  approach  should  be 
pursued,  discussion  by  the  panel  members  turned  to  selection  of 
compounds.  The  Panel  was  then  asked  to  develop  a candidate  list  of 
chemical  agents  from  which  this  selection  could  be  made.  The  following 
list  is  the  result  of  the  panel's  deliberation  on  compoui'jd  selection 
(principal  organ  system  affected  is  indicated  in  parentheses). 

1.  Chlorinated  hydrocarbons  (liver) 

2.  Halogenated  hydrocarbons  (liver) 

DDT,  Dieldrin 

3.  Aromatic  amines  (urinary  bladder) 

. Beta-naphthy lamine 

4.  Benzene  (bone  marrow) 

5.  Aro  dyes 

6.  Thiourea  - ethyl  thiourea  (thyroid) 

7.  Mercury-methyl  mercury  (kidney,  reproduction,  behavior) 

8.  Cadmium  (testes,  kidney,  musculo-skeletal ) 

9.  Paraquat  (lung) 

10.  Irritant  gases  (lung) 

N02,02,  Phosgene 

11.  2,4, 5-T  I reproduc t ion) 

12.  Formaldehyde  (lung,  skin) 

13.  Ni tr ilotr iacetate  ( teratogenesis) 

14.  Carbon  tetrachloride 

15.  Arsenic 

16.  Tr iorthocresylphosphate 

Selection  of  compovinds  was  based  on  availability  of  Criteria 
Documents  and  the  extent  of  data  base  available.  The  six  compounds 
selected  for  preparation  of  detailed  matrices  were: 

1.  Benzene 

2 . Cadmi um 

3.  Phosphorus 

4.  Formaldehyde 

5.  Phosgene 

6.  Oxides  of  Nitrogen 
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It  was  also  decided  that  each  matrix  would  be  supported  by  a review 
article  containing  a description  of  the  experimental  data  with  reference 
to  animal  species,  dosage,  duration  of  treatment,  etc.,  as  they  related 
to  the  endpoints  shown  in  the  matrix.  Literature  citations  employed  in 
the  review  article  for  a specific  compound  were  keyed  by  number  in  the 
corresponding  matrix.  A complete  list  of  references  used  in  compilation 
of  each  matrix  was  attached  to  the  corresponding  review  article.  Each 
Toxicology  Review  Panel  member  was  provided  with  the  matrices  of  all  six 
compounds  along  with  the  review  articles  and  literature  references.  The 
members  were  requested  to  identify  predictive  endpoints  in  the  matrices 
and  recoimnend  short-term  in  vitro  and  in  vivo  tests  that  would  yield 
information  parallel  to  tTIat  ot  the  long-term  animal  tests. 

The  approach  to  final  development  of  a matrix  for  a specific  compound 
was  to  combine  panelists'  suggestions  and  recommendations  in  a "master" 
matrix.  The  master  matrix  for  each  compound  would  contain  all  identified 
predictive  endpoints  and  suggested  short-term  tests.  The  master  matrices 
would  then  be  evaluated  during  the  remaining  two  panel  meetings.  A 
position  would  finally  be  established,  by  the  panel  of  experts,  for  each 
compound  with  respect  to  recommendations  for  development  of  a battery  of 
short-term  tests. 

Another  aspect  to  the  approach  strategy  of  this  study  was  compilation 
and  documentation  of  U.S.  regulatory  agency  published  guidelines  for 
testing  of  toxic  substancs.  In  addition,  information  relative  to 
industrial  organizations'  guidelines  was  to  be  considered.  A list  of 
regulatory  guidelines,  coupled  with  a list  of  endpoints  normally  observed 
during  conventional  animal  toxic  testing  was  believed  to  suffice  as 
background  information  in  panel  deliberation.  Accordingly,  each  matrix 
package  described  above  was  accompanied  by  the  compilation  of 
guidelines.  References  cited  in  each  published  guideline  were  annotated 
and  keyed  by  number  to  the  guidelines.  A hard  copy  of  each  literature 
citation  was  obtained  for  reference  to  experimental  details,  when  desired 
by  panel  members.  The  list  of  regulatory  agency  guidelines  and  samples 
of  industrial  protocols  and  related  literature  references  appear  in 
Section  7.0  of  this  report. 

1 . 3 Background 

In  a letter  to  Science  (1),  interest  in  and  concern  for  alternatives 
to  performing  expensive  cVironic  studies  in  determining  toxicity  of 
chemical  compounds  were  expressed.  In  that  letter  the  authors  proposed 
what  is  now  the  essence  of  this  contract  effort,  namely,  development  of  a 
battery  of  predictive  toxicity  screening  tests.  The  economics  of  ' 
substituting  a battery  of  simple  tests  for  conventional  protocols  was 
predicted  to  yield  a ten-fold  reduction  in  cost  and  a five-fold  reduction 
in  testing  time  (1).  Other  individuals  and  organizations  have  been 
equally  concerned  with  the  same  monumental  problems  involved  with  testing 
toxicity  of  chemicals.  Pertinent  items  in  this  regard  are  summarized  in 
the  following  paragraphs. 
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Stich  and  co-authors  reviewed  the  status  of  short-term  bioassays  for 
chemical  carcinogens  in  1975  (2).  They  recommended  a pre-screening 
program  for  carcinogens  and  mutagens  which  consists  of  the  following 
tests:  1)  Ames  Salmonella  - strains  susceptible  to  frameshift  mutations 
and  base-pair  substitutions , plus  S-9  or  other  activation  mixtures  for 
precarcinogens  and  premutagens;  2)  Drosophila  melanogaster  - Recessive 
mutant  test;  3)  an  in  vitro  cell  transformation  assay  - morphological  and 
neoplastic  transformation  of  rodent  or  human  cells  as  endpoints;  and  A) 
DNA  damage  and  DNA-repair  synthesis  - cultured  human  cells  (no^-mal  cells 
plus  cells  from  high  cancer  risk  persons),  plus  oxidative/reductive 
activation  mixtures. 

In  a review  of  methods  of  toxicological  evaluation  in  1976,  De  Serres 
(3)  commented  on  the  value  of  newly  developing  short-term  tests  for 
correlation  between  carcinogenic  and  mutagenic  activity  of  environmental 
chemicals.  He  was  specifically  referring  to  studies  conducted  jointly  by 
U.S.  and  Japanese  scientists,  which  indicated  the  good  correlations 
obtained  using  microbial  assay  systems,  and  to  other  validation  tests 
on-going  in  1976  (A).  De  Serres  noted  a number  of  pitfalls  associated 
with  employment  of  short-term  assays  but  believed  they  should  be  used  to 
establish  priorities  for  testing  in  higher  animals. 

One  view  on  the  subject  of  short-term  screening  tests  for  carcinogens 
was  provided  by  Bridges  in  1976  (5).  In  essence.  Bridges  opts  for  the 
employment  of  short-term  tests  with  a high  predictive  value  for 
carcinogenic  screening  of  environmental  pollutants.  He  warns  that  a 
battery  of  tests  must  be  employed  for  first-tier  screening  to  avoid  false 
negatives  which  occur  with  any  one  test.  Bridges  also  pointed  out  that 
the  lack  of  sensitivity  of  mamnalian  tests  for  carcinogens  or  mutagens 
impedes  validation  of  microbial  screening  systems.  This  is  due  to 
"false"  positives  of  microbial  tests  based  on  inadequate  animal 
experiments . 

The  current  experimentation  with  microbial  and  other  short-term 
screening  tests  is  not  limited  to  governmental  agencies  and  research 
institutes.  In  a staff  report  by  Kolata  in  Science  in  1976,  she 
discussed  industry's  adoption  of  "quick"  tests  16).  Motivated  by  costs, 
time,  and  the  Toxic  Substances  Control  Act,  major  chemical  companies  are 
apparently  turning  to  microbial  (Ames)  and  other  test  systems,  according 
to  Kolata.  She  also  noted  that  results  from  industrial  sources  will 
inevitably  enhance  the  data  base  required  for  validation  and  correlation 
of  "quick"  test  results  with  conventional  mammalian  tests. 

In  a study  performed  for  the  Environmental  Protection  Agency  in  197A, 
Woodard  surveyed  toxicological  test  methods  employed  by  nine  chemical 
companies  (7).  At  that  time,  none  of  the  nine  companies  were  using  any 
but  conventional  test  protocols.  Even  though  short-term  microbial  and 
other  in  vitro  tests  are  still  in  a transitional  stage  that  stage  may  be 
shorter~lived  than  heretofore  anticipated. 

An  example  of  the  intensity  of  effort  expended  in  the  past  two  to 
three  years  to  evaluate  and  validate  short-term  tests  is  reflected  in  a 
publication  from  the  Imperial  Chemical  Industries  Ltd.,  Cheshire,  UK. 
Purchase  and  co-workers  (1976)  tested  58  carcinogens  and  62 
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non-carcinogens,  all  organics,  using  a battery  of  six  tests  (8).  They 
evaluated  ten  short-term  tests,  empirically,  and  eliminated  four  tests 
but  did  not  depreciate  those  four  for  other  uses. 

Overall  results  of  these  tests  demonstrated  the  value  of  the  Ames  and 
cell  transformation  assay  tests.  Both  tests  detected  a wide  range  of 
carcinogens  with  a low  level  of  "false  positives",  according  to  the 
authors  (8).  Deficiencies  of  short-term  tests  were  discussed  and 
Purchase  et  al.  also  reconmiended  that  pre-screening  include  definitive 
study  of  molecular  structure  and  physical-chemical  properties  of  new 
compounds.  (A  detailed  review  of  the  current  status  of  short-term  tests 
for  carcinogens  and  mutagens  is  given  in  a feature  article  in  Chemical 
and  Engineering  News  (9).) 

The  U.S.  regulatory  agencies  responsible  for  implementation  of  laws 
relating  to  toxic  substances,  plus  the  National  Cancer  Institute  (NCI) 
and  the  National  Institute  of  Environmental  Health  Science  among  others, 
are  all  pursuing  validation  studies  on  short-term  tests.  Studies  such  as 
those  of  NCI  were  encouraged  in  a report  of  the  Subcommittee  on 
Environmental  Carcinogenesis  of  the  National  Cancer  Advisory  Board  (10). 
The  subcommittee  expressly  stated: 

"This  subcommittee  is  enthusiastic  about  the  possible  future  use  of 
in  vitro  tests  as  part  of  a screening  system  for  potental  carcinogens  and 
TSelieves  that  their  further  development  and  validation  deserve  high 
priority." 

The  report  also  expressed  the  opinion  of  the  board  that  short-term  in 
vitro  tests  do  not  provide  an  adequate  basis  for  characterizing  an  agent 
as  carcinogenic  for  humans  or  animals. 

Steuer  and  Ting  (1977)  reviewed  methods  being  developed  for 
monitoring  in  vitro  carcinogenesis.  They  pointed  out  that  cell 
t r an s forma tTon  in  vitro  is  meaningless  if  it  cannot  be  equated  with 
neoplastic  tranTFormation  (11).  The  authors  concluded  that  rapid, 
sensitive,  quantifiable  in  vitro  assays  predictive  of  tumorigenicity 
would  provide  valuable  means  of  carcinogenic  screening  of  new  chemical 
compounds . 

For  a somewhat  different  view  of  short-term  toxicity  tests  for 
carcinogenicity,  a 1977  article  by  Grasso  and  Grant  (12)  should  be 
consulted.  These  authors  classified  short-term  tests  for  carcinogenicity 
(STTC)  as  follows:  (I)  those  which  lead  to  the  development  of  tumors  as 
an  endpoint,  and  (2)  those  in  which  assessment  is  based  on  a biological 
effect  that  does  not  involve  tumor  production.  After  a review  of  both 
types  of  STTCs  and  microbial  testing  systems,  the  authors  concluded: 

"none  of  the  tests  mentioned  provide  clear  evidence  of  carcinogenic 
activity."  They  also  predicted  that  use  of  STTCs  will  lie  only  in 
indicating  priorities  for  performing  conventional  animal  testing. 
McNamara's  1977  article  on  long-term  versus  short-term  toxicity  tests 
calls  for  a combination  of  animal  studies  of  only  90  days  duration  or 
less,  except  for  certain  suspect  carcinogens,  and  selected  in  vitro  tests 
(13).  
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Finally,  one  should  refer  to  a published  comparison  of  the  value  of 
short-term  tests  in  a practical  situation.  In  late  1977,  the  Office  of 
Technology  Assessment  (OTA)  at  the  request  of  Congress  (Senate  Committee 
on  Human  Resources)  completed  and  published  a study  on  the  assessement  of 
saccharin  as  a carcinogen  (lA).  The  report  indicates  the  following 
purposes  for  conducting  the  battery  of  short-term  tests:  1)  to 
demonstrate  to  Congress  the  nature  of  the  tests,  2)  to  demonstrate  the 
speed  with  which  they  can  be  conducted  (3  months),  and  3)  to  illustrate 
their  usefulness  in  making  regulatory  decisions.  OTA  also  hoped  that  use 
of  the  short-term  tests  would  help  to  clarify  uncertainties  regarding  the 
carcinogenicity  of  saccharin.  The  OTA  study  also  involved  critical 
analysis  of  earlier  animal  testing  of  saccharin  ingestion  (in  high  doses) 
by  rats  which  led  to  bladder  cancer.  Three  of  the  short-term  tests 
clearly  showed  saccharin  to  be  mutagenic.  On  the  other  hand,  if  only 
Drosoj|hiJ^,  yeast  and  the  Ames  test  had  been  used,  the  mutagenicity  of 
saccharin  would  have  gone  unnoticed. 

The  above  review  of  current  interest  in  and  problems  with  short-term 
in  vitro  and  in  vivo  testf  as  substitutes  for  chronic  animal  studies  is 
not  intended  to  be  exhau'  ive.  The  Panel  of  Toxicological  Experts  had  to 
be  aware  of  problems  exJ  .<ting  in  the  overall  milieu  of  toxicity  testing. 
Efforts  of  the  Panel  of  Experts,  as  described  in  succeeding  portions  of 
this  report,  should  provide  additional  assistance  in  the  selection  of 
short-term  tests  predictive  of  chronic  toxicological  effects. 


2.0  RESULTS  - DISCUSSION 

2.1  TheMatrixjJig£roacli 

Matrices  developed  for  each  of  the  six  selected  chemical  compounds 
(benzene I cadmium,  red  and  white  phosphoius,  formaldehyde,  phosgene  and 
oxides  of  nitrogen)  are  contained  in  Section  8.0  of  this  report.  Each 
matrix  is  supplemented  with  a review  of  the  literature  on  that  compound 
as  it  pertains  to  endpoints  or  lesions  observed,  species  of  test  animal 
used  and  the  regimen  of  dosages  administered.  The  literature  review 
provided  for  each  compound  was  not  exhaustive  but  it  contained  a 
significant  percentage  of  the  pertinent  data  desired  for  review  and 
evaluation  by  the  toxicology  panel. 

Each  matrix  and  its  respective  review  paper  was  evaluated  in  detail 
by  the  panel  of  experts  prior  to  selection  of  predictive  endpoints  from 
acute  and  subchronic  study  data.  One  limitation  confronting  the  panel  in 
the  choice  of  predictive  endpoints  was  the  frequent  absence  of  chronic 
(2-year)  data.  Based  on  the  predictive  endpoints  selected,  the  panel 
recommended  a number  of  short-term  tests  that  could  be  used  in  a battery 
of  tests  by  the  Army  to  screen  compounds.  Tests  recommended  are 
indicated  in  the  individual  matrix  for  each  compound. 

A comparison  of  data  recorded  in  the  matrices  for  each  of  the  six 
compounds  suggests  that  benzene,  cadmium  and  formaldehyde  have  been  more 
intensely  studied  than  phosgene,  phosphorus,  and  oxides  of  nitrogen.  In 
the  case  of  phosphorus,  there  was  a lack  of  animal  data  especially  for 
chronic  studies.  In  the  latter  studies,  human  results  were  more 
frequently  reported  than  experimental  results  from  animal  studies.  The 
above  factors  as  well  as  the  lack  of  information  on  dose  response 
relationships  hindered  the  panel,  to  some  extent,  from  selecting 
predictive  endpoints  based  on  acute  and/or  subchronic  effects. 

Upon  completion  of  all  six  matrices  panel  members  reviewed  each  one 
again.  A number  of  points  were  raised  questioning  the  initial  inclusion 
of  certain  predictive  endpoints  or  short-term  tests.  A summary  of 
endpoints  and  short-term  tests  taken  from  the  six  matrices  had  been 
prepared  by  the  Tracor  Jitco  staff.  Discussion  of  the  summarized  matrix 
data  led  the  panel  into  development  of  a list  of  chronic  effects  (Table 
1).  The  panel  discussed  at  length  the  need  to  know  what  effects  are 
commonly  produced  as  a result  of  chronic  exposure  of  a test  animal  to  a 
chemical.  As  shown  in  Table  1,  the  panel  determined  that  there  were  at 
least  10  major  chronic  effects  experienced  generally,  plus  specific 
subcategories  for  fibrosis  and  neuropathy  and  impaired  performance. 

Establishment  of  the  list  of  chronic  effects  served  a dual  purpose. 
The  panel  first  addressed  the  question  of  predictive  endpoints  based  on 
the  six  matrices  and  secondly  of  determining  which  test  systems  might  be 
employed  in  prediction  of  chronic  effects. 
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Table  1 


Toxicological  Effects 


f!l 

Chronic  Effect 


1.  Neoplasia 


2.  Fibrosis 


A.  Atrophy 
(Organ 
weights 
reduced) 

B.  Hypertrophy 
(increased cell 
size  or  size 

of  organs) 

C.  Hyperplasia 
(Increased 
size  and  number 
of  cells) 


Predictive  Early  Effect  Test  System 


1.  Cell  transformation 

2.  Covalent  binding 

3.  Hyperplasia 

4.  Metaplasia 

5.  Increased  unscheduled  DNA  synthesis 
in  vitro  position  paper) 


1.  Histological  examination  (Necrosis) 

2.  Biochemical  tests  (Collagen 
synthesis -precursor  incorporation) 

1.  Organ  weights 


1.  Metabolic  activity  increase 


1.  DNA/RNA  Ratio  (increased) 

2.  Thymidine  incorporation  (increase) 


I 


I 


(see 


X8 


Table  1 (Cont'd) 


Toxicological  Effects 


Chronic  Effect 


Predictive  Early  Effect 
Test  Systvitn 


3.  Neuropathy  and 
Impaired 
Performance 


A.  CNS 


B.  Peripheral 


1.  Behavioral  tests  (selected  key  aspects 
from  position  paper) 

2.  Histological  examination 

3.  Bra in /body /weight  ratio 

1.  Standard  organophosphate  neurotoxicity 
test  in  chickens 

2.  Neurotoxic  esterase  test 

3.  Neuromuscular  function  tests  (reflex 
tests  during  routine  pharmacologic 
testing-warm  water  in  the  ear,  pressure 
on  the  eye,  pressure  on  the  carotid 
artery,  evoked  potentials,  checklist  of 
pharmacological  signs) 

4.  Neuromuscular  function  test  of  medial 
rectus  muscle  of  the  eye  (by  electron 
microscopy) 


4.  Reproduction 
Impairment 


1.  Select  key  aspects  from  reproduction 
assessment  position  paper 

2.  One-generation  mouse  test  (plus  specific 
tests  if  required) 


3.  Mineralization 


6.  Amyloidosis 


I 

I 

I 


I 

I 


1.  Necrosis 

2.  Excess  intracellular  calcium 

3.  Histochemical  Tests 

4.  Electron  microscopy 


No  adequate  predictive  test  known 
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Table  1 (Cont'd) 


Toxicological  Effects 


Chronic  Effect 


Predictive  Early  Effect 
Test  System 


7.  Pigmentation 

^Excess  in  tissues 
or  deposition  in 
tissues  where  it 
does  not  belong) 


1.  Porphyrin  (CNS,  skin,  kidney-urine, 
sweat,  Hardevian  glands) 

2.  ALA  synthetase  (liver  mitochondria) 

3.  Melanosis  (tyrosine  metabolism) 


8.  Reduced  Life  Span  1.  Impaired  immunological  competence 

2.  Suggested  research  items; 

A.  Monitor  ethane-pentane  production 
( in  vivo  lipid  peroxidation) 

B.  ^ vitro  cell  culture 

C.  Accelerated  aging-specific  rodents 
(late  adult) 

D.  Use  Drosophila,  flies  or  other 
animals  of  less  than  90-day  life  span 


9.  Allergenic 

Hypersensitivity 
to  Chemicals 


1.  Guinea  pig  sensitization  test 

2.  Covalent  binding  plus  a haptene  (Research 
area) 


10.  Elastosis  1.  Physical  examination  of  skin 

(Disease  of  elastic 
fibers  of  skin) 


20 


L 


2.2  Sunnary  Matrix 
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Mentioned  above  waa  the  development  of.  a summary  matrix  designed  to 
assist  the  panel  members  in  evaluation  of  predictive  endpoints  and  short- 
term tests.  The  suimnary  matrix  included  all  the  endpoints  and  short-term 
teats  recorde\l  in  the  six  individual  matrices.  The  panel  reviewed  the 
comprehensive  summary  matrix  and  following  detailed  discussion,  it  was 
reduced  to  include  only  significant  items  as  shown  in  Table  2. 

Prior  to  presenting  some  general  comments  on  the  outcome  of  the 
matrix  approach,  it  should  be  recalled  that  the  matrix  was  initially 
conceived  as  a tool.  The  initial  approach  to  identifying  endpoints  in 
the  toxicology  literature  proved  to  be  diffuse  which  suggested  a focus 
was  needed.  The  matrix  concept  was  therefore  one  way  of  focusing  on  the 
problem  of  predictive  endpoints  and  ultimately  determining  the 
feasibility  of  recommending  a battery  of  short-term  toxicological  tests. 
Further,  it  should  be  noted,  as  stated  in  the  review  papers  associated 
with  each  matrix,  that  all  endpoints  identified  in  the  respective 
literature  articles  were  not  included  in  the  individual  matrices.  In 
other  words,  representative  endpoints  only  were  chosen,  first  for  clarity 
of  the  matrix  ami  secondly  due  to  the  short  periotl  of  time  available  to 
complete  this  study. 

In  general,  the  matrix  approach  served  its  purpose  wi'll  - to  focus, 
on  a compound  basis,  on  significant  endpoints  determined  retrospectively 
from  published  information.  The  natures  of  the  six  compounds  reviewed 
were  diverse  enough  to  yield  considerable  differences.  For  example, 
scanning  the  vertical  columns  for  formaldehyde,  phosgene  and  oxides  of 
nitrogen  in  Table  2 reveals  far  fewer  predictive  endpoints  were  selected 
as  compared  to  beneene  and  cadmium.  In  instances  wliere  no  data  wore 
reported  or  the  dose  used  did  not  create  any  adverse  effects,  no  tests 
*»ere  recommended . 

Scanning  the  horixontal  columns  of  Table  2 shows  three  systems  or 
effects  that  yielded  little  or  no  information  - the  central  nervous 
system,  behavioral,  and  cardiovascular  effects.  It  would  appear 
premature  to  judge  the  merits  of  these  three  effects  in  the  overall  area 
of  toxic  substance  testing  since  only  six  compounds  were  considered  in 
this  study.  Another  group  of  compounds  could  perhaps  yield  substantially 
different  results.  Reference  to  the  position  paper  on  behavioral 
toxicology,  which  is  discussed  below,  clearly  shows  the  importance  of 
that  discipline  within  the  overall  toxicity  testing  milieu. 

2.3  Short-Term  Tests  and  Position  Papers 

A prime  charge  to  the  panel  of  toxicologists  selected  for  this 
feasibility  study  was  to  develop  a list  of  short-term  in  vitro  or  in  vivo 
teats.  Short-term  was  understood  to  be  a test  of  *J0  days  or  \ess.  The 
panel  we.s  to  recommend  a battery  of  short-term  tests  which  could  be  used 
in  screening  compounds  of  interest.  In  the  course  of  selecting  or 
suggesting  predictive  endpoints  in  development  of  the  matrices  discussed 
above,  panel  members  also  cited  a number  of  short-term  tests. 


I 


21 


Summary  of  Endpoints  and  Recommended  Short-Term 


System  Benzene  Cadmium  Phosphorus  Formaldehyde] 


or 

Effect 

1.  Hematological 

A. 

Leucocyte 

1. 

Hemolysis 

1. 

Leucopenia 

None 

Effects 

Decrease 

2. 

Anemia 

B. 

1. 

General 

1. 

Hematological 

1. 

General 

None 

hemato- 

General 

hematological 

logical 
work  -up 

work-up 

work-up 

2. 

Clotting/ 

bleeding 

times 

2 . Bone  Marrow 

A. 

1. 

Significant 

1. 

Inhibition  of 

1. 

Jaw-bone 

None 

Changes 

reduction 

hemoglobin 

necrosis 

in 

synthesis 

precursor 

cells- 

hemic 

renewal 

system 

B. 

1. 

Bone  mar- 

1. 

Bone  marrow 

1. 

Histological 

None 

row  dif- 

differential 

study 

ferential 

2. 

Turn  over  and 

2. 

Turn  over 

cycle  rates 

and  cycle 
rates 


A-Predictive  endpoints 
B-Short-term  tests 


I 


Table  2.  Summary  Matrix 


of  Endpoints  and  Reconmended  Short-Term  Tests 


lis 

logical 

1 

P 


tion  of 

obin 

sis 


larrow 
rential 
iver  and 
rates 


Phosphorus  Formaldehyde  Phosgene 


Oxides  of 
Nitrogen 


Leucopenia 

None 

None 

1.  Leucocytosis 

General 

hematological 

work-up 

None 

None 

1.  General 

hematological 

work-up 

Jaw-bone 

necrosis 

None 

None 

None 

Histological 

None 

None 

None 

study 


Table  2.  Summary  Matrix 


System 


Effect 


3.  Immunological 
Effects 


Benzene 


A.  Decreased 
serum  com- 


plement 


B.  1.  Globulin 
level 

2.  Albumen/ 
globulin 
ratio 

3 . Land- 
steiner 
sensi- 
tivity 
test 


4.  Central  Nervous  A.  None 
System 


B.  None 


b".:a 


Summary  of  Endpoints  and  Recommended  Short-Term  Tes 


Cadmium 


1.  Decreased 

viral  antibody 
titer 


Phosphorus 


1.  Same  as 
benzene 


1.  Neural  damage 

2.  Glioma  damage 


1.  Neuroblastoma 
cytotoxicity 
test 

(Research 
required  on 
these  tests) 


Formaldehy 


1.  Allerg 
sensiti: 
(corre 
with 
combi 
with 
groups 
protei 
(see  #7 
below) 

1 . Same  aa< 
Benzenei 


1 . Evoked  j 
potent! 
visual  I 
of  bra£ 
change! 

1 . Evoked  | 
potent£ 
tests  I 


Table  2.  Summary  Matrix  (cont’J 


jreased 

None 

1. 

Allergenic 

None 

1. 

Hypersensi- 

pi antibody 

sensitization 

tivity 

(correlates 

2. 

Increased 

i 

with 

susceptibility 

1 

combination 
with  methyl 

to  infection 

i 

1 

groups  in 
proteins) 

(see  #7 
below) 

t as 

None 

1. 

Same  as 

None 

1. 

Same  as  Benzene 

lene 

Benzene 

2. 

Mouse 

infectivity  test 

» 

1. 

Neural  damage 

1. 

Evoked 

None 

None 

2. 

Glioma  damage 

potentials  in 
visual  center 

of  brain- 
changes 

k 

1. 

Neuroblastoma 

1. 

Evoked 

None 

None 

cytotoxicity 

potential 

test  tests 

(Research 

required  on 

« these  tests) 


[ 

I 


Table  2.  Summary  Matrix  (cont'd) 


t 


System 

or 

Effect 


Behavior 


M 

'j 


Summary  of  Endpoints  and  Recommended  Short-Term  Tel 


Benzene 


Cadmium 


Phosphorus 


A.  None 


B.  Activity- 
wheel 


running  test 
(related  to 
blood 
picture) 


6.  Cardiovascular  A. 
Effects 

B. 


None 

None 


Significantly 

increased 

spontaneous 

locomotor 

activity 


1.  Observation- 
routine 


1.  Hypertension 


1. 


Organ-system 

function 

tests 


Forma Idehg 


None 


None 


None 

None 


Table  2.  Summary  Matri: 


lots  and  Reconmonded  Short-Term  Tests  (Cont.) 


Phosphorus 


Formaldehyde  Phosgene 


Tabic  2.  Summary  Mjitrlx  (cont'd) 


Oxides  of 
Nitrogen 


Summary  of  Endpoints  and  Recommended  Short-Term  Test 


I 


I 


VO 


System 

or 

Effect 


Benzene 


Cadmium 


Phosphorus 


Forma IdehyJ 


j 


Biochemical 

A 1. 

Enzyme 

1. 

Decreased 

1. 

Liver 

1.  Combing 

and 

changes 

calcium  serum 

cirrhosis 

with 

Histochemical 

2. 

Reduced 

level  (blood) 

groups  j 

Effects 

protein 

2. 

Serum  calcium- 

proteifl 

synthesis 

phosphorus 

3. 

Altered 
liver  and 
kidney 
functions 

ratio 

4. 

Cytochrome 

P450 

changes 
(See  No. 

12) 

B 1. 

RNAase 

1. 

Biochemical 

1. 

Histological 

1.  Proteil 

tests 

tests 

tests 

synthei 

2. 

Histology 

2. 

Histochemical 
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2.  Summary  Matrix  (cont’d) 


Subsequently,  in  the  course  of  panel  discussion  it  became  obvious 
that  certain  categories  of  toxic  substance  testing  required  elaboration 
prior  to  making  final  decisions  on  short-term  tests.  Accordingly,  the 
following  position  papers  were  prepared  by  individual  members  of  the 
panel;  (1)  Concept  for  Toxicological  Testing;  (2)  Disposition  of 
Xenobiotics;  Pharmacokinetics  and  Biotransformation;  (3)  Reproductive 
Assessment  Testing;  (4)  Toxicity  Testing  In  Vitro;  and  (5)  Behavioral 
Toxicity  Testing.  The  full  text  of  each  position  paper  may  be  found  in 
the  Section  6.0  of  this  report.  Highlights  of  each  paper  are  presented 
below. 

2.3.1  Concept  for  Toxicological  Testing 

The  Concept  for  Toxicological  Testing  paper  includes  a description  of 
several  interrelating  factors  which  contribute  to  variations  in  toxic 
testing  regimens.  The  factors  range  from  the  purpose  of  testing  to 
fiscal  and  other  resources  available.  Attention  is  drawn  to  the 
Environmental  Protection  Agency's  (EPA)  three-phased  approach  for 
environment  source  assessment  promulgated  in  1977.  A module  concept  for 
testing  is  described  which  would  be  superimposed  on  a multilevel  concept 
such  as  that  of  EPA.  Within  level  I of  testing,  the  use  of  short-term 
mammalian  and  in  vitro  tests  is  recommended.  The  panel  of  experts, 
further  recommended  that  the  U.S.  Army  refer  to  three  documents 
representative  of  the  multilevel  testing  and  module  concept.  The 
specific  references  noted  above  are  cited  in  the  concept  paper  (Section 
6.1). 

2.3.2  Disposition  of  Xenobiotics;  Pharmacokinetics  and 
Biotransformation 

Pharmacokinetic  studies  should  be  performed  early  in  a toxicologic 
investigation  because  they  provide  information  that  can  be  useful  in 
setting  up  and  evaluating  subsequent  tests.  Data  can  be  gained  rapidly 
as  to  whether  the  agent  is  absorbed,  how  rapidly  it  is  eliminated  and  how 
it  is  distributed  in  the  tissues  — information  that  can  predict  the 
course  for  further  testing.  Radiolabeling  greatly  facilitates 
pharmacokinetic  studies;  in  fact,  it  would  be  well  to  consider  the 
synthesis  of  a labeled  compound  as  one  of  the  earliest  steps  in  the 
evaluation  of  the  toxicity  of  a compound. 

In  vitro  studies  of  the  biotransformation  of  toxic  agents  are  useful, 
but  Tn  vivo  studies  usually  provide  more  meaningful  information. 
Metabolism  studies  should  be  conducted  in  two  stages.  In  the  first 
stage,  the  degree  of  biotransformaton  is  assessed  without  identifying  the 
metabolites.  Again,  radiolabeling  is  greatly  facilitative.  The  second 
stage  is  concerned  with  the  identification  of  the  metabolites.  This 
frequently  can  be  accomplished  most  readily  by  using  the  gas  liquid 
chromatography-mass  spectroscopy  technique.  Biotransformation  studies 
may  predict  the  mechanism  by  which  the  compound  produces  overt  signs  of 
toxicity.  For  example,  hydroxylation  reactions  frequently  involve  the 
formation  of  intermediate  metabolites  which  combine  covalently  to 
cellular  macromolecules,  thereby  causing  cellular  damage  or 
carcinogenesis.  When  radiolabeled  compounds  are  available,  covalent 
binding  can  be  readily  assessed. 
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Drug  metabolizing  systems  are  frequently  highly  inducible  by  foreign 
compounds.  The  induction  of  these  enzyme  systems  have  important 
toxicologic  implication  because  these  systems  not  only  detoxify 
compounds,  but  in  some  cases,  increase  toxicity  by  causing  the  formation 
of  toxic  metabolites.  Thus,  depending  upon  the  compound,  induction  may 
decrease  or  increase  toxicity  and  thereby  greatly  influence  the  course  of 
chronic  toxicity  tests.  Induction  can  be  evaluated  by  examining  hepatic 
liver  preparations  for  their  cytochrome  P-450  content  or  by  performing 
"sleeping  time"  or  "paralysis  time"  tests  in  intact  animals  using 
hexobarbital  or  zoxazolamine , respectively. 

2.3.3  Reproductive  Assessment  Testing 

Reproductive  assessment  entails  the  evaluation  of  those  factors  which 
lead  up  to  and  make  possible  pregnancy  and  embryonic  development.  While 
in  vitro  tests  (cell,  tissue  and  organ  culture)  may  be  useful  for 
selected  experiments  their  use  in  a battery  of  screening  tests  is  not 
encourgaged  at  this  time. 

In  lieu  of  use  of  the  current  90-day  mouse  tests,  a modified 
one-generation  mouse  test  (65  days)  is  described  and  recomnended  for  Army 
considerat ion . 

The  position  paper  also  lists  a number  of  non-manonalian  reproductive 
assessment  tests  including  the  advantages  and  limitations  of  each 
system.  The  panel  suggested  further  that  as  these  tests  are  validated, 
they  should  be  considered  for  inclusion  in  a battery  of  screening  tests. 

Reference  to  the  recommendation  section  of  this  report  reflects  the 
panel's  evaluation  of  the  importance  of  reproductive  assessment  testing. 

2.3.4  Toxicity  Testing  In  Vitro 

The  thrust  of  this  paper  is  on  in  vitro  tests  involving  the  use  of 
mamnalian  cells  and  tissue  cultures.  Advantages  and  limitations  are 
exemplified,  and  the  use  of  in  vitro  tests  primarily  in  screening 
programs  is  stressed.  Cytot^icity  tests  which  have  the  widest 
acceptance  and  have  been  validated  to  varying  degrees  include  cell 
viability,  cell  proliferation,  and  mutagenesis  and  carcinogenesis  tests 
of  different  kinds. 


A qualifying  statment  in  the  in  vitro  paper  is  worthy  of  quoting 
here:  " In  vitro  cellular  toxicology  is  at  a crossroad  in  develojjment." 
Tests  and  systems  which  are  ready  for  validation  and  exploitation  are 
detailed.  This  paper  also  contains  reconinendations  for  a comprehensive 
testing  program  which  includes  "minimal  tests"  and  "supplementary 


tests".  In  vitro  tests  for  cytotoxicity,  mutagenesis  and  carcinogenesis. 


used  in  tTile  first  level  of  testing,  coupled  with  animal  studies,  could 
serve  as  a basis  for  decision-making  and  prioritization  of  resources. 


The  panel  recognized  the  emergence  of  in  vitro  testing  as  a new 
factor  in  toxicological  testing  which  is  not  TuTTy  accepted  but  in 
concert  with  the  position  paper,  the  panel  made  specific  recommendations 
on  in  vitro  testing  (see  Recommendations  Section). 
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2.3.5  Behavioral  Toxicity  Testing 


The  complex  area  of  behavioral  toxicity  testing  is  dealt  with  in  this 
paper  under  four  categories:  (1)  motor  performance,  (2)  sensory 
processes,  (3)  complex  learned  behavior,  and  (4)  emotional  behavior. 
Background  information  contained  in  the  discussions  of  these  four 
categories  was  the  basis  for  presenting  an  overall  strategy  for  the  use 
of  behavioral  toxicity  studies. 

The  overall  strategy  for  use  of  behavioral  toxicity  screening  tests 
includes  use  of  rats  only  and  three  sets  of  procedures  (neurological, 
motor  integrity  and  sensory  function,  and  complex  learned  behavior). 
Options  and  trade-offs  are  appropriately  listed. 

The  panel's  decision  to  include  behavioral  toxicity  testing  in  its 
recommendations  reflects  the  members'  awareness  of  and  concern  for  this 
subject. 

In  addition  to  the  information  provided  in  the  behavioral  toxicity 
testing  paper  discussed  above,  a behavioral  toxicology  protocol  was  made 
available  to  the  panel.  The  protocol  is  included  in  this  report  as  an 
addendum  to  the  position  paper  and  is  found  in  Section  6.6.  The  protocol 
is  currently  in  use  in  the  Chemical  Systems  Laboratory,  U.S.  Army 
Armament  Research  and  Development  Comnand,  Aberdeen  Proving  Ground, 
Maryland . 


3.0  CONCLUSIONS 


The  panel  of  toxicology  experts  agreed  that  the  matrix  approach 
described  in  this  report  provided  a focus  for  determining  predictive 
endpoints.  As  with  any  retrospective  analysis  of  research  literature, 
the  uniformity  of  available  data  was  less  than  desirable.  The  matrix 
analysis  permits  identification  ot  gaps  or  lack  of  information  on  the 
toxicology  of  a specific  compound.  Its  application  to  a class  or  group 
of  similar  chemical  compounds  should  be  considered  by  the  Army  in  a 
follow-on  to  this  initial  effort. 

Opinions  on  the  merits  of  current  in  vitro  short-term  tests  as 
substitutes  for  chronic  animal  studies  were  not  necessarily  unanimous 
among  panel  members.  Nonetheless,  the  panel  fully  agreed  on  the 
increasing  need  for  development  and  validation  of  in  vitro  tests. 

Indeed,  the  panel  concluded  that  additional  resear^  and  development 
should  be  encouraged  not  only  in  such  areas  as  in  vitro  cell  culture  but 
also,  for  example,  in  the  use  of  test  animals  wTDi  less  than  a 90-day 
life  span  and  in  covalent  binding. 

The  panel  also  endorsed  the  inclusion  of  behavioral  toxicity  testing 
as  a significant  factor  in  screening  programs  for  the  Army.  The  panel 
further  concluded,  based  on  its  position  paper  for  behavioral  toxicity 
testing,  that  the  number  of  simple  tests  now  existing  provides  suitable 
opportunity  for  selection  of  specific  tests  as  part  of  a battery  of 
tests.  These  are  specified  in  the  recommendation  section  of  this  report. 

Considerable  attention  was  given  to  the  areas  of  pharmacokinetics  and 
biotransformation.  The  panel  concluded  that  specific  recommendations  for 
such  testing  of  compounds  at  the  early  stages  of  an  Army  program  were 
warranted.  The  panel  also  concluded  that  these  were  areas  requiring 
additional  research. 

The  panel  concluded  that  a one-generation  reproduction  study  was 
sufficient  for  Army  screening  purposes.  Only  in  a few  cases  would  it  be 
necessary  to  expend  additional  time  and  money  to  conduct  the  more 
elaborate  three-generation  tests.  The  panel  concluded  that  use  of  in 
vitro  systems  involving  cell,  tissue  and  organ  cultures  for  reproduction 
studies  in  a battery  of  short-term  tests  should  be  discouraged  at  this 
time.  Special  technical  skills,  high  cost  and  limited  information 
obtained  from  such  tests  are  factors  limiting  their  effectiveness. 

In  considering  the  role  of  a battery  of  short-term  teats  in  an 
overall  Toxicity  Testing  Program,  the  panel  concluded  that  a spectrum  of 
tests,  viewed  as  modules,  should  be  considered.  Various  combinations  and 
sequences  of  the  modules  could  satisfy  a wide  variety  of  needs  ranging 
from  screening  to  assessment  of  risk  to  man  and  prioritization  of 
resources.  The  minimal  teats  recommended  by  the  panel  are  compatible 
with  the  module  concept. 


4.0  SHORT-TERM  TESTS  RECOMMENDED  FOR  A TOXICOLOGY  SCREENING  PROGRAM 


1.  Perform  a complete  hematological  work-up 

2.  Prepare  bone  marrow  differential  smears 

3.  Perform  a one-generation  reproduction  study 

a.  Reproductive  assessment  can  be  achieved  by  a modified 
one-generation  mouse  test.  Sexually  iimnature  mice  of  a stable 
heterogeneous  stock  are  required  for  the  test  which  covers  about 
65  days.  (See  the  position  paper  on  reproductive  assessment  for 
details ) 

b.  Use  of  in  vitro  cell,  tissue  and  organ  culture  systems  for 
reproductive  assessment  in  a battery  of  screening  tests  is  not 
recommended  at  this  time. 

4.  In  vitro  testing 

It  Is  recommended  that  in  vitro  tests  for  cytotoxicity,  mutagenesis 
and  carcinogenesis  be  used  in  the  first  level  of  testing.  Results  of 
such  tests,  coupled  with  those  of  animal  studies,  can  be  used  in 
decision-making  regarding  further  testing  and  prioritization  of 
resources.  Specific  testa  recommended  are  as  follows: 

Cytotoxicity 

Minimal  Tests 

1.  Cell  via(>ility  with  two  established  cell  lines  (ECL). 
Requires  3 to  5 days. 

2.  Cell  proliferation  with  two  established  cell  lines  (ECL). 
Requires  3 to  5 days. 

Supplementary  Tests 

1.  Cell  vianility  using  Cr  and  two  established  cell  lines. 
Requires  3 to  5 days. 

2.  Cloning  efficiency  with  two  established  cell  lines  (ECL). 
Requires  2 weeks. 

3.  Gross  cytology  with  two  established  cell  lines  (ECL). 
Requires  3 to  3 days. 

4.  Macromolecular  synthesis  (RNA/DNA  synthesis)  with  two 
established  cell  lines  (ECL).  Requires  3 to  3 days. 

5.  Liver  cell  function  with  primary  liver  epithelial  cell 
culture.  Requires  3 to  3 days. 

6.  Alveolar  macrophage  (phagocytosis)  with  rahhit  alveolar 
macrophages.  Requires  3 days. 

Mutagenicity 

Minimal  Teats  (In  addition  to  Ames,  Drosophila) 

1.  Chromosome  damage  (Sister  chromatid  exchange)  with  ECL. 

2.  Gene  mutation  with  mouse  lymphoma  (L3178Y).  Requires  two 
weeks . 
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Supplementary  Tests 

1.  Unscheduleii  DNA  synthesis  vith  Wl38  cells.  Requires  1 week. 

2.  Single  strand  DNA  breaks  with  WI38  cells.  Requires  3 to  5 
days . 

Carcinogenesis  Tests 
Minimal  Tests 

1.  Cell  transformation  with  mouse  embryo  cells  C3H/10T1/2/CL8. 
Requires  4 to  6 weeks. 

2.  Cell  transformation  with  Syrian  hamster  embryo.  Requires 
4 to  6 weeks. 

Supplementary  Tests 

Cell  transformation  with  hamster  embryo,  transplacental. 

Requires  4 to  6 weeks. 

5.  Perform  microbial  infectivity  test  to  demonstrate  animal 
hypersusceptibility  to  infectious  organisms. 

6.  Carry  out  standard  central  nervous  system  observational  evaluations. 

7.  Perform  motor  and  sensory  function  and  behavior  assessment  tests 
using  rats  and  three  sets  of  procedures:  neurological,  motor 
integrity  and  sensory  function,  and  complex  learned  behavior.  (See 
the  position  paper  on  behavioral  toxicity  testing  for  details). 

8.  Carry  out  organ  function  tests  in  the  heart  and  the  vascular  system. 

9.  Carry  out  biochemical  tests  including  as  a general  procedure  covalent 
binding  and  in  vivo  lipoperoxidation  tests  for  ethane  or  pentane 
production.  "Specific  biochemical  tests  are  recommended  on  a compound 
basis. 

10.  Organ  morphology  procedures  recommended  are  determination  of 
organ/body  (or  brain)  weight  ratios  and  standard  histological 
examinations . 

11.  Skin  and  eye  irritation  and  skin  sensitization  tests  should  be 
performed. 

12.  A basic  pharmacokinetic  study  is  recommended  in  the  early  stages  of  a 
toxicology  test  program.  Tests  for  induction  of  cytochrome  P450  are 
also  recommended  with  emphasis  on  the  indices,  for  example, 
hexabarbital  ("sleeping  time")  and  zoxazolamine  ("paralysis  time"). 

13.  The  minimum  tests  recommended  for  obtaining  information  on  a 
compound's  physical  and  chemical  properties  are: 

a.  Oil/water  partition  coefficients 

b.  Stability  in  aqueous  media  at  pH  levels  of  4.0,  7.0,  and  10.0. 
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6.0  POSITION  PAPERS 


6.1  Conce£t__for_Toxicologic£l_Te8jtin£ 


The  many  and  varied  circumstances  which  are  associated  with  any  major 
producer  or  user  of  potentially  toxic  substances  preclude  the  adoption  of 
a single,  inflexible,  standard  regimen  for  testing  all  chemicals  of 
interest.  Among  the  often  interrelating  factors  which  contribute  to  the 
variation  from  one  producer/user  to  another  and  for  a single 
producer /user  at  different  times  are  the  following: 


1.  2^— approaches  and  tests  that  are 

used  should  be  selected  to  satisfy  specific  objectives.  Those  that  are 
used  as  primary  screens  in  the  identification  of  potential  problem  areas 
will  not  necessarily  satisfy  regulatory  agencies.  Also,  methods  used  for 
the  assessment  of  risk  to  man  or  to  other  parts  of  an  ecosystem  will 
differ. 


2.  2i®,JIil2^®£»_JJ£ture_andvariet2_ofthe^_£otentiaH^r__toxic 
substances.  T^e  situation  may  be  affected  by  a need  to  test  a large 
number  of  chemically  and  physically  unrelated  substances  which  have 
varied  or  unknown  toxicities,  involve  several  different  exposure  routes, 
and  which  may  have  an  additive,  synergistic,  or  antagonistic  effect  when 
administered  in  concert. 

3.  Thema^nitudeofJthe_^roblra.  At  times,  the  magnitude  of  the 
problem  can  be  readily  discerned  because  of  earlier  testing  on  the  same 
or  related  chemicals,  or  earlier  studies  on  their  distribution  and 
cycling  in  nature,  and  knowledge  of  the  quantities  of  chemicals 
involved.  In  the  absence  of  earlier  studies,  the  range  of  tests  to  be 
used  is  expanded. 

4.  2l®timeframefor_^e8ting.  The  lack  of  a knowledge  base  on 
which  to  base  decisions  regarding  substances  already  in  use  as  well  as  an 
awareness  of  a potentially  serious  problem  which  may  not  be  readily 
contained,  creates  a time  imperative  quite  different  from  that  which  is 
attendant  to  the  orderly  development  and  testing  of  a new  product. 

5.  Degree_o^jcertitude_jiece88aryfor_dec^i8_ion8.  Toxicity  testing 
regimens  often  represent  the  result  of  a number  of  "trade-offs"  which 
affect  risk  assessment.  While  it  is  axiomatic  that  the  highest  degree  of 
certitude  is  to  be  sought,  practical  considerations  often  preclude  this. 

A particular  producer /user  may  recognize  that  because  of  existing 
knowledge  and/or  the  amount  of  material  under  consideration  a high  degree 
of  certitude  may  be  absolutely  mandatory  in  some  instances  and  not  as 
critical  in  other  instances. 

6.  Fiscal  and  other  resources.  Available  funds,  technical 
personnel,  anJ  facilities  are  among  the  many  circumstances  which  shape 
testing  regimens. 
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Testing  Objectives 

Testing  objectives  and  their  associated  descriptive  statements  may  be 
broad  or  narrow.  In  either  event,  it  is  imperative  that  they  be 
||  unambiguous.  Every  comprehensive  testing  program  entails  both  types 

which  often  are  related  to  a testing  sequence  and  to  a need  to  satisfy 
different  confidence  requirements. 

The  U.S.  Food  and  Drug  Administration  proposed  that  mutagenesis 
testing  proceed  through  a Tier  System  involving  three  levels  of 
increasing  complexity,  with  each  tier  serving  to  answer  different 
questions.  Tier  1 questions  whether  or  not  a compound  is  a potential 
mutagen;  Tier  2 questions  whether  or  not  a presumptive  mutagen  (Tier  1 
p>ositive)  is  mutagenic  in  mammals;  Tier  3 questions  what  is  the  potential 
risk  to  man  from  exposure  to  a mutagen  (Tier  2 positive). 

Woodard  reported  in  1974  that  the  major  industries  covered  in  a 
survey  of  testing  practices  ordinarily  engage  in  four  levels  of 
environmental  testing  which  "correspond  to  the  same  number  of  levels  of 
exposure  of  either  man  or  his  environment.  These  levels  are  derived  from 
consideration  of  length  of  exposure,  extent  (avoidable  or  not),  numbers 
of  people  at  risk,  and  the  portion  of  the  environment  exposed". 

In  1977,  the  Industrial  and  Environmental  Research  Laboratory  of  the 
EPA  developed  a three  phased  approach  for  environmental  source  assessment 
with  Level  1 serving  to  segregate  out  the  "bad  actors"  from  substances 
which  are  probably  innocuous.  The  "bad  actors"  are  evaluated  more 
critically  in  Level  2 while  the  presumptive  innocuous  substances  are 
assigned  a lower  priority  for  futher  testing.  The  objectives  of  Level  3 
are  to  monitor  the  problems  identified  in  Level  2 and  to  assess  the 
chronic  and  ecological  effects  of  the  components  of  an  industrial  process. 

The  environmental  source  assessment  phased  approach,  which  is 
designed  to  monitor  industrial  processes  and  their  effluents,  comes 
closest  to  satisfying  the  needs  of  the  Department  of  the  Army. 

Nevertheless,  the  Department  of  the  Army  does  have  some  unique  problems 
including  a military  imperative,  a back-log  of  varied  chemicals  to  be 

tested  and  unique  use  and  dispersal  situations.  1 

The  Module  Concept  in  Toxicity  Testing. 

The  above-mentioned  factors  have  served  to  emphasize  that  flexibility 
is  mandatory  if  the  varied  and  pressing  problems  confronting  the 
Department  of  the  Army  are  to  be  addressed  in  a logical  and  realistic 
fashion. 

Ideally,  the  Department  of  the  Army  should  have  access  to  a spectrum 
of  tests,  which  should  be  viewed  as  modules  to  be  used  in  various 
combinations  and  sequences  to  satisfy  virtually  every  conceivable 
situation  and  need,  ranging  from  primary  screening  to  definitive 
assessment  of  potential  risk  to  man  and  which  could  be  used  in  the 
prioritization  of  time  and  resources. 
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Through  the  use  of  the  MODULE  CONCEPT,  superimposed  on  the  multilevel 
testing  concept,  it  should  be  possible  to  readily  select  appropriate 
combinations  and  sequences  of  tests  which  best  relate  to  a clearly 
specified  testing  objective.  In  this  way,  the  toxicological  testing 
efficacy  can  be  more  readily  focused.  The  system  also  lends  itself  to  a 
continuous  assessment  of  opportunities  for  pruning  and  "trade-off"  in 
order  to  be  more  efficient  and  to  satisfy  constraints  and  imperatives  of 
time. 

General  Recommendations  for  Testing. 

a.  It  is  recommended  that  fur  all  chemicals  for  which  there  is  no 
adequate  data  base,  a testing  objective  comparable  to  EPA  Level,  Health 
Effects  Assessment  be  adopted.  It  is  recommended  further  that  Level  1 
testing  have  the  following  as  its  objectives: 

1.  Preliminary  acute  toxicity,  mutagenicity  and 
carcinogenicity  assessment  (using  short-term  mammalian  and 
in  vitro  tests). 

2.  The  use  of  Level  1 assessment  for  the  prioritization  of 
resources  and  effort  vis-a-vis  further  testing  of  some  of 
these  compounds  in  Level  2. 

b.  It  is  recomnended  that  Level  2 testing  have  the  following  as  its 
objectives. 

1.  Testing  of  Level  1 positives,  and  when  necessary,  other 
substances  and  their  relatives  reported  to  be  potentially 
harmful,  using  tests  which  will  permit  a more  reliable 
estimation  of  the  nature  and  degree  of  risk  to  man  and  his 
environment . 

2.  The  use  of  Level  2 assessment  for  the  prioritization  of 
resources  and  effort  vis-a-vis  further  testing  and  control 
of  exposure  to  toxic  substances. 

It  is  recommended  further  that  the  module  concept  for  test 
construction  be  used  for  the  selection,  temporal  arrangement  and 
decisions  leading  to  termination  of  specific  Level  2 tests. 

Level  2 modular  test  construction  and  utilization  also  may  be 
appropriate  in  other  circumstances  - regardless  of  Level  1 testing  or  its 
outcome.  It  is  recommended  that  Level  2 testing  be  performed  when  the 
following  circumstances  exist: 

1.  When  previously  published  information  indicates  the 

existence  of  a potential  problem  with  the  same  or  related 
substances . 


2.  When  the  substance  is  produced  in  large  quantities. 


3.  When  the  use  of  the  substance  is  concentrated  in  a given 
locale. 

4.  When  the  stability  and/or  cycling  of  the  substance  in 
nature  suggests  that  it  may  persist  for  a long  time  or  be 
concentrated  by  physical  or  biological  factors. 

5.  When  the  risk  of  accidental  breakdown  of  containment  is 
significant. 

6.  When  the  length  of  exposure  and/or  number  of  people  at  risk 
is  high. 

The  kinds  of  tests  and  the  species  used  in  Level  2 testing  will  be 
governed  by  a number  of  factors  among  which  will  be  the  following: 
degree  of  certitude  required;  the  magnitude  of  the  potential  problem;  the 
anticipated  lesion  (mutation,  teratogenesis , etc.);  the  probable  route  of 
exposure;  time  constraints;  fiscal  constraints. 

This  testing  approach  is  growing  in  acceptance,  and  has  been 
described  in  a number  of  documents,  including  several  published  under  the 
aegis  of  Federal  regulatory  agencies.  Representative  among  them  are  the 
following: 

Food  and  Drug  Administration  Advisory  Committee  on  Protocols  for 
Safety  Evaluation.  (1971).  Panel  on  Carcinogenesis  report  on  cancer 
testing  in  the  safety  evaluation  of  food  additives  and  pesticides. 
Toxicol.  Appl.  Pharmacol.,  20:  419-438. 

National  Academy  of  Sciences  - National  Research  Council.  (1964). 
Committee  on  Toxicology.  Principles  and  procedures  for  evaluating 
the  toxicity  of  household  substances.  NAS  Publ.  no.  1138. 

Washington,  D.C. 

Food  and  Drug  Administration.  (1976).  Criteria  for  evaluation  of 
the  health  aspects  of  using  flavoring  substances  as  food 
ingredients.  Prepared  for  Bureau  of  Foods,  FDA.  Life  Sciences 
Research  Office,  Federation  of  American  Societies  for  Experimental 
Biology,  Bethesda,  Md. 

The  following  list  of  references  as  well  as  the  examples  of  how 
multilevel  modular  testing  could  be  applied  have  been  reproduced  from  the 
EPA-sponsored  study,  "Testing  for  Health  Effects  of  Fuels  and  Fuel 
Additives"  published  in  1977  (Cause,  M.  et  al.,  1977). 
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References  for  Possible  Testing  Approaches 
(from  Cause,  E.M.,  et  al . , 1977) 

I 

Environmental  Protection  Agency  Pesticide  Program.  (1975). 

Guidelines  for  registering  pesticides  in  the  United  States.  Fed. 
Reg.,  40:  1,  2,  3,  June  25. 

I Food  and  Drug  Administration  Advisory  Committee  on  Protocols  for 

I Safety  Evaluation.  (1971).  Panel  on  Carcinogenesis  report  on  cancer 

[ testing  in  the  safety  evaluation  of  food  additives  and  pesticides, 

i Toxicol.  Appl.  Pharmacol.,  20;  419-438. 

1 

I National  Academy  of  Sciences  - National  Research  Council.  (1964). 

! Committee  on  Toxicology.  Principles  and  procedures  for  evaluating 

I the  toxicity  of  household  substances.  NAS  Puhl.  no.  1138. 

Washington,  D.C. 

DHEW.  (1977).  Approaches  to  determining  the  mutagenic  properties  of 
chemicals:  Risk  to  future  generations.  Prepared  for  the  DHEW 
Committee  to  Coordinate  Toxicology  and  Related  Programs  by  the 
working  group  of  the  Subcommittee  on  Environmental  Mutagenesis.  In 
; preparation,  1977. 

r 

I Food  and  Drug  Administration.  (1976).  Criteria  for  evaluation  of 

I the  health  aspects  of  using  flavoring  substances  as  food 

I ingredients.  Prepard  for  Bureau  of  Foods,  FDA.  Life  Sciences 

Research  Office,  Federation  of  American  Societies  for  Experimental 
i Biology,  Bethesda,  Md. 

! Bridges,  B.A.  (1973).  Some  general  principles  of  mutagenicity 

! screening  and  a possible  framework  for  testing  procedures.  Environ. 

Health  Perspect.,  221-227. 

Bridges,  B.A.  (1974).  The  three-tier  approach  to  mutagenicity 

screening  and  the  concept  of  radiation-equivalent  dose.  Mutat. 

Res.,  26:  335-340. 

Flamm,  W.G.  (1974).  A tier  system  approach  to  mutagen  testing. 
Mutat.  Res.,  26;  329-333. 

Bridges,  B.A.  (1976).  Use  of  a three-tier  protocol  for  evaluation 

of  long-term  toxic  hazards  particularly  mutagenicity  and 
carcinogenicity.  In:  screening  tests  in  chemical  carcinogenesis,  R. 
Montesano,  H.  Bartsch,  and  L.  Tomatis,  eds.,  pp.  529-559.  (lARC 
public,  no.  12,  Lyon,  France). 

Sobels,  F.H.  (1977).  Some  problems  associated  with  the  testing  for 
environmental  mutagens  and  a perspective  for  studies  in  "Comparative 
Mutagenesis".  Mutat.  Res.,  46:  245-260. 
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FIGURE  2.  AN  EXAMPLE  OF  AN  HIERARCHIAL  APPROACH  TO  TESTING. 
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6.2  Disposition  of  Xenobiotics:  Pharmacokinetics  and  Biotransformation 
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Pharmacokinetics  is  concerned  with  the  absorption,  distribution, 
biotransformation  and  excretion  of  foreign  compounds  (xenobiotics). 
Although  biotransformation  is  a component  of  pharmacokinetics,  it  is  best 
discussed  under  a separate  heading. 

PHARMACOKINETICS 


Pharmacokinetic  studies  should  be  performed  early  in  a toxicologic 
investigation  because  they  provide  information  that  can  be  useful  in 
setting  up  and  evaluating  subsequent  tests.  For  example: 

1.  A pharmacokinetic  study  would  establish  whether  or  not  a 
substance  is  absorbed.  High  molecular  weight  polymers  (e.g., 
nitrocellulose)  and  some  very  insoluble  substances  are  not  absorbed. 

When  this  is  the  case,  further  toxicological  testing  may  not  be  necessary. 

2.  The  volume  of  distribution  of  a compound,  which  can  be  calculated 
from  the  rate  of  disappearance  of  the  compound  from  the  blood,  can  tell 
something  about  the  distribution  of  the  compound  in  the  tissues;  e.g.,  a 
very  high  volume  of  distribution  can  mean  that  the  substance  is  deposited 
in  body  fat. 

3.  Rapid  and  complete  elimination  of  the  substance  may  mean  that 
ingestion  of  trace  amounts  of  the  substance  does  not  constitute  a hazard 
and  that  a short-term  (90  days)  repeated  ingestion  study  should 
adequately  assess  its  relevant  toxicological  properties. 

The  amount  of  the  compound  to  be  administered  can  be  predicted  by  its 
LD^q.  Studies  should  be  performed  using  a toxic  dose  (e.g.,  an 
dose)  and  a very  low  dose  which  does  not  produce  obvious  signs  of 
toxicity.  The  route  of  exposure  would  be  determined  in  part  by  the  kind 
of  exposure  that  htimans  might  be  expected  to  experience.  For  example,  if 
humans  were  to  be  exposed  by  breathing  air  contaminated  by  the  substance, 
administration  by  inhalation  would  be  emphasized.  In  any  event,  more 
than  one  route  should  be  employed.  The  decision  as  to  what  animal 
species  should  be  used  is  difficult.  While  absorption,  distribution  and 
renal  excretion  of  most  compounds  are  quite  similar  among  laboratory 
animals,  rates  of  biotransformation  are  not,  and  it  is  therefore  not 
possible  at  this  time  to  predict  the  species  that  will  biotransform  a 
given  compound  as  man  does.  At  selected  intervals  after  the 
administration  of  the  compound,  feces,  urine  and  expired  air  would  be 
collected  and  examined  for  their  contents  of  the  compound  and  its 
metabolites.  Serum  samples  would  be  collected  at  more  frequent 
intervals.  In  some  cases  it  might  be  advisable  to  examine  the  carcass  at 
the  end  of  the  experiment  for  its  content  of  the  compound  and  its 
metabolites. 

The  development  of  methods  for  the  determination  of  the  compound  and 
its  metabolites  in  body  fluids,  tissues  and  excreta  would  usually  present 
such  a formidable  task  that  pharmacokinetic  studies  could  not  be 
undertaken  screening  procedure.  However,  it  is  often  possible  to 

synthesize  a C-labeled  compound,  and  when  this  is  the  case. 
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pharmacokinetic  studies  can  be  greatly  simplified.  In  fact,  it  might  be 
well  to  consider  the  synthesis  of  a labeled  compound  as  one  of  the 
earliest  steps  in  the  evaluation  of  the  toxicity  of  a compound.  The 
radioactivity  count  of  the  various  specimens  to  be  analyzed  does  not 
distinguish  the  compound  from  its  metabolites,  but  for  a screening  test 
this  is  not  usually  necessary.  Pertinent  information  as  to  the  longevity 
of  the  compound  in  the  animal,  serum  levels  of  the  drug,  rates  of 
excretion,  and  volume  of  distribution  can  be  obtaii^^d  with  radio-labeled 
compounds.  A very  prolonged  urinary  excretion  of  C often  means  that 
metabolites  of  the  compound  have  entered  the  carbon  pool. 

BIOTRANSFORMATION 

Xenobiotics  are  biotransformed  by  four  kinds  of  reactions: 
oxidation,  reduction,  synthesis  and  hydrolysis.  A compound  may  be 
involved  in  one  or  more  of  these  reactions;  the  reactions  may  occur 
independently  or  sequentially.  For  example,  the  compound  may  be 
hydrolized  and  one  or  both  of  its  products  may  then  be  oxidized;  the 
oxidized  product  may  then  be  conjugated  by  one  of  several  mechanisms 
(glucuronidation,  sulfation,  acetylation,  etc).  The  kinds  of  reactions 
which  will  biotransform  a given  xenobiotic  can  be  largely  predicted  from 
its  structure.  Biotransformation  usually  results  in  products  which  are 
less  toxic  and  more  readily  excreted  than  the  parent  compound.  Thus 
biotransformation  usually  means  detoxification;  the  more  extensively  a 
xenobiotic  is  metabolized,  the  less  likely  it  is  to  accumulate  in  the 
tissues  and  produce  toxic  effects.  There  are  notable  exceptions  to  this 
generalizaton;  some  compounds  are  metabolized  to  active  intermediate 
products  which  damage  cells  by  reacting  covalently  with  cellular 
macromolecules.  In  fact,  some  compounds,  notably  certain  polycyclic 
hydrocarbons,  are  thought  to  manifest  their  carcinogenicity  in  this  way. 
Biotransformation  studies  are  important  in  the  overall  evaluation  of  the 
toxicity  of  a compound  because  they  may  provide  some  insight  as  to  the 
mechanism  by  which  the  compound  produces  overt  signs  of  toxicity.  This 
in  turn  may  predict  the  severity  of  the  toxicity  of  related  compounds. 

The  identification  of  certain  metabolites  may  send  up  warning  signals; 
for  example,  hydroxylation  reactions  frequently  involve  the  formation  of 
intermediate  epoxides;  epoxides  are  known  to  provide  the  opportunity  or 
covalent  binding  to  cellular  macromolecules. 

In  vitro  studies.  Most  biotransformations  of  xenobiotics  occur 
mainly  in  the  liver.  In  vitro  studies  are  therefore  usually  performed 
only  with  liver  preparations  unless  there  is  some  reason  to  suspect  that 
other  organs  may  contribute  to  the  metabolism  of  the  compound.  Hepatic 
microsomal  preparations  are  employed  for  oxidative  reactions,  but  other 
cell  fractions  are  required  if  synthetic  biotransformations  are  to  be 
observed.  In  vitro  studies  may  provide  useful  information,  but  it  is 
unlikely  that  this  information  can  be  as  useful  as  that  obtained  from  in 
vivo  studies.  To  be  generally  applicable,  an  in  vitro  screening  test 
would  necessarily  employ  tissue  preparations  tTiat  would  contain  the 
enzymes  and  cofactors  needed  for  all  possible  reactions.  Obviously,  no 
single  preparation  would  be  suitable  for  a screening  test.  Moreover,  in 
vitro  tests  do  not  always  predict  what  will  occur  in  vivo,  largely 
because  it  is  not  possible  to  duplicate  in  vivo  conditions  with  respect 
to  available  cofactors,  available  enzyme,  oxygen  supply,  membrane 
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effects,  etc.  In  view  of  these  considerations,  it  is  not  likely  that 
meaningful  in  vitro  tests  can  be  performed  as  readily  as  in  vivo  tests. 
This  does  not  exclude  in  vitro  tests  which  might  be  indicated  ^or  certain 
compounds.  For  example,  i^  the  structure  of  a compound  suggested  that  it 
could  act  as  an  anticholenergic  agent,  one  might  wish  to  see  what  effect 
it  might  have  on  cholinesterase. 

Many  xenobiotics  are  oxidized  by  cytochrome  P-A50-dependent 
monooxygenase  systems  located  in  the  endoplasmic  reticulum  (microsomal 
fraction)  of  the  liver.  These  monooxygenase  systems  are  frequently 
induced  by  the  xenobiotic  in  question  such  that  not  only  is  its  own  rate 
of  biotransformation  enhanced  greatly,  but  that  of  many  other  xenobiotics 
is  also  induced.  The  induction  of  these  enzyme  systems  have  important 
toxicologic  implications.  The  increase  in  the  rate  of  biotransformation 
produced  in  this  way  may  greatly  increase  the  rate  of  detoxification  of 
the  compound,  or  in  cases  where  a toxic  intermediate  metabolite  is 
formed,  the  toxicity  may  be  enhanced.  Induction  may  be  a particularly 
important  factor  when  exposure  to  more  than  one  toxic  agent  occurs. 
Induction  involves  an  increased  biosynthesis  of  hepatic  cytochrome 
P-450.  Cytochrome  P-450  content  of  the  liver  is  usually  determined  by 
difference  spectroscopy  of  hepatic  microsomes.  The  isolation  of 
microsomes  requires  a high  speed  centrifuge  that  will  attain  a speed  of 
100,000  X g.  The  procedure  consists  of  placing  a suspension  of 
microsomes  in  two  cuvets  contained  in  a spectrophotometer,  which  are  then 
balanced  spectrally  to  eliminate  the  spectrum  produced  by  cytochrome 
bj,  the  only  other  chromaphore  found  in  hepatic  microsomes.  Dithionite 
is  added  to  both  cuvets  and  carbon  monoxide  is  then  bubbled  through  the 
sample  cuvet.  A tracing  is  made  of  the  spectrum.  The  magnitude  of  the 
peak  at  450nm  ( OD  450-490  nm)  determines  the  amount  of  cytochrome 
P-450.  A simplified  procedure  which  uses  whole  liver  homogenates  can  be 
used  which  gives  results  very  similar  to  those  obtained  with  microsomes. 
Homogenates  are  balanced  spectrally  in  two  cuvets  contained  in  a 
spectrophotometer,  carbon  monoxide  is  bubbled  through  both  cuvets, 
dithionite  is  added  to  the  sample  cuvet,  a tracing  of  the  spectrum  is 
made,  and  the  content  of  cytochrome  P-450  is  calculated  from  the 
magnitude  at  peak  absorption  (450  nm).  This  procedure  circumvents  the 
interference  caused  by  contaminating  hemoglobin  and  eliminates  the  need 
for  a high  speed  centrifuge  and  the  two  centrifugations  (one  at  10,000  x 
g to  remove  nuclei  and  mitochondria,  and  the  other  at  100,000  x g to 
sediment  microsomes)  required  for  the  isolation  of  microsomes. 

The  degree  of  induction  depends  on  the  compound  as  well  as  the  dose. 
Maximal  induction  may  require  as  little  as  two  days  (as  with 
3-inethylcholanthrene  and  many  other  polycyclic  hydrocarbons)  or  as  long 
as  two  weeks  (as  with  chlordane).  This  should  be  taken  into 
consideration  when  compounds  of  unknown  inducing  capacity  are  tested. 

Some  xenobiotics  cause  a loss  of  cytochrome  P-450  when  administered 
(e.g.,  carbon  tetrachloride,  seconal  and  certain  other  compounds  that 
possess  an  allyl  function,  and  all  interferon  inducing  agents  that  have 
been  tested).  It  would  be  important  to  know  when  this  occurs  because  the 
loss  of  cytochrome  P-450  would  affect  the  toxicity  of  the  compound  in 
question  as  well  as  that  of  other  xenobiotics  to  which  the  human  might  be 
exposed  simultaneously.  Any  change  in  the  cytochrome  P-450  level  of  the 
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liver,  whether  an  increase  or  a decrease,  will  affect  the  pharmaco- 
kinetics of  the  compound  that  produces  the  changes  if  it  is 
biotransformed  by  cytochrome  P-450. 

"Sleeping  time"  or  "paralysis  time"  tests  are  frequently  employed  to 
evaluate  induction  or  depression  of  cytochrome  P-450-linked  monooxygenase 
systems.  The  length  of  time  an  animal  will  sleep  or  remain  paralyzed 
after  the  administration  of  a barbiturate  or  zoxazolamine,  respectively, 
may  be  a measure  of  the  rate  of  in  vivo  metabolism  of  these  two  drugs. 

If  an  agent  prolongs  sleeping  or  paralysis  time  it  may  mean  that  the 
agent  has  impaired  a drug  metabolizing  system;  if  these  times  are 
shortened,  drug  metabolizing  systems  may  have  been  induced  by  the  agent. 
The  other  interpretation  is  that  the  agent  has  an  affect  on  the  central 
nervous  system  not  related  to  drug  metabolism.  In  this  case,  the  agent 
may  produce  obvious  CNS  effect  when  administered  without  the  barbiturate 
or  zoxazolamine.  In  any  event,  if  a prolongation  or  shortening  of 
sleeping  or  paralysis  time  is  noted,  a determination  of  the  blood  level 
of  hexobarbital  or  zoxazolamine  at  one  or  two  time  intervals  after 
administration  will  reveal  whether  drug  metabolism  is  involved.  If  an 
agent  causes  a prolongation  of  sleeping  time,  the  agent  should  be 
administered  at  the  moment  the  animal  awakens  (rights  itself).  If  the 
effect  of  the  agent  is  on  the  CNS,  the  animal  will  go  back  to  sleep;  if 
it  does  not,  the  prolongation  of  sleeping  time  is  most  likely  due  to 
delayed  hexobarbital  metabolism.  Hexobarbital  is  used  because  it  has  a 
relatively  short  half  life.  Zoxazolamine  is  used  because  those 
cytochrome  P-450  systems  which  are  not  involved  in  hexobarbital 
metabolism  are  usually  involved  in  zoxazolamine  metabolism.  These  tests 
not  only  tell  us  something  about  the  effects  agents  may  have  on 
cytochrome  P-450  linked  monooxygenase  systems,  but  if  it  is  shown  that 
alteration  of  sleeping  or  paralysis  time  is  not  due  to  altered  drug 
metabolism,  they  may  also  tell  us  something  about  the  effects  of  a given 
agent  on  the  CNS. 

Metabolites 

Metabolite  studies  should  be  conducted  in  two  stages.  In  the  first 
stage  the  degree  of  biotransformation  would  be  assessed  without 
identification  of  specific  metabolites.  Urine,  feces  and  breath  would  be 
^jrocessed  for  thin  layer,  liquid-liquid  chromatography,  GLC;  etc.  If  a 
labeled  compound  is  used,  the  radioactivity  of  the  spots  or  fractions 
would  be  counted. 

The  second  stage  would  be  concerned  with  the  identification  of  the 
metabolites.  There  is  no  way  to  screen  the  identity  of  metabolites. 
However,  an  investigator  who  is  experienced  in  the  field  of  metabolism  of 
xenobiotics  can  usually  predict  what  metabolites  can  be  formed  from  a 
given  substance,  and  this  narrows  the  search  considerably.  Fortunately, 
modem  technology  in  the  form  of  gas  liquid  chromatography-mass 
spectroscopy  has  provided  the  means  for  isolating  and  identifying 
extremely  small  amounts  of  metabolites.  GLC-MS  has  reduced  the  time 
required  for  the  identification  of  metabolites  from  weeks  or  months  to 
days  or  hours.  It  has  reduced  the  time  required  for  identification  of 
metabolites  to  what  one  would  hope  to  achieve  with  a screening  test. 
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Host  organic  xenobiotics  and  their  metabolites  bind  loosely  to 
proteins  and  therefore  exist  in  equilibrium  between  free  and  bound  forms 
in  the  tissues.  However,  it  is  now  known  that  certain  highly  reactive 
intermediate  metabolites  of  many  xenobiotics  may  combine  covalently  with 
cellular  proteins  and  other  macromolecules.  In  certain  cases,  cellular 
damage  or  carcinogenesis  occur  as  a consequence  of  covalent  binding. 

Although  it  is  known  that  not  all  covalent  binding  of  intermediate  ] 

metabolites  is  damaging  to  the  cell,  knowledge  of  its  existence  should 

signal  a more  than  routine  search  for  cellular  damage,  cancer  or 

mutagenesis.  Methods  for  the  determination  of  covalent  binding  usually 

involve  a labeled  compound.  The  radioactivity  of  various  tissues  is 

determined  after  extraction  procedures  have  been  employed  to  remove  all 

but  the  covalently  bound  radioactive  metabolites.  { 
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6.3  Position  Paper  on  Reproductive  Assessment  Testing 

The  following  sumnarizes  our  views  regarding  reproductive  assessment 
testing  as  part  of  a battery  of  tests  for  the  evaluation  of  the  potential 
toxicity  of  chemicals  in  the  environment. 

Reproduction  in  higher  mammals  involves  as  many  as  thirteen  different 
episodes  including  those  attendant  to  copulation,  fertilization, 
implantation,  histogenesis,  and  organogenesis.  Hence,  reproductive 
assessment  entails  factors  which  lead  up  to  and  make  pregnancy,  as  well 
as  embryonic  development,  possible.  Embryonic  development  in  utero  is 
characterized  by  a number  of  unique  interrelationships  invoTving  t\ie 
mother  and  the  embryo  which  have  a significant  impact  on  how  a chemical 
may  affect  an  embryo.  These  include  metabolic  alteration  of  a chemical, 
its  excretion,  and  its  impact  on  maternal  and  embryonic  homeostasis. 
Hence,  a reproductive  assessment  testing  program  must  encompass  tests 
which  are  indicative  of  effects  on  pre-fertilization  and 
post-fertilization  factors  and  which  reflect  awareness  of  the  unique 
maternal-embryonic  interro lationships. 

At  the  present  time,  cell,  tissue,  and  organ  culture  approaches  can 
be  used  to  study  only  selected  aspects  of  reproduction  such  as 
fertilization,  blastocyst  development,  histogenesis  and  organogenesis. 
Such  in  vitro  systems,  indeed,  may  be  useful  and/or  necessary  for 
selected  experiments  addressed  to  mechanistic  questions.  Their  use  in  a 
screening  battery  reproductive  assessment  is  to  be  discouraged  at  this 
time,  however.  Mitigative  against  their  use  is  the  fact  that  the 
information  which  can  be  obtained  is  limited  and  conditional  due  to  the 
artificial  circumstances.  Furthermore,  special  technical  skills  and  high 
costs  make  the  systems  inappropriate  for  screening  purposes. 

Among  the  important  problems  confronting  those  responsible  for 
chemical  testing  are  problems  related  to  time  and  cost.  Limitations  in 
availability  of  a chemical  or  a desire  to  minimize  the  distribution  of  a 
potentially  harmful  substance,  as  well  as  cost  and  time  factors,  suggest 
that  alternatives  to  a 90-day  mouse  study  warrant  serious  consideration. 

It  is  recommended  that  reproductive  assessment  be  done  using  a 
modified  one-generation  mouse  test  over  a period  of  approximately  65 
days.  A brief  outline  of  the  test  and  the  types  of  data  to  be  obtained 
follow. 

Sexually  immature  mice  of  a stable  heterogeneous  stock  (eg.,  Swiss- 
Webster)  are  treated  daily  with  the  test  substance  or  a suitable  vehicle 
beginning  on  day  40  of  life.  A minimum  of  10  males  and  30  females  are  to 
be  treated  at  each  dosage  level  and  as  concurrent  controls. 

After  20  days  of  continuous  treatment,  mating  is  begun  by  caging  one 
male  with  three  females.  Daily  observations  of  females  for  vaginal  plugs 
are  then  initiated.  Breeding  and  treatment  are  continued  until  all 
females  are  observed  to  have  vaginal  plugs  or  until  a further  20  days 
have  elapsed.  As  females  are  found  to  have  plugs,  they  are  successively 
assigned  to  three  groups.  A,  B and  C.  Females  not  observed  to  have 
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vaginal  plugs  after  20  days  of  exposure  to  a male  are  killed,  weighed, 
and  ovaries  and  uteri  examined  histologically  for  signs  of  cyclic 
activity.  Data  recorded;  X females  not  inseminated  and  X not  running 
estrous  cycles. 

Group  A females  are  killed  12  days  after  observation  of  vaginal  plug, 
and  total  number  of  corpora  lutea  on  both  ovaries  and  total  implantations 
in  uterus  counted.  Data  recorded;  total  corpora  lutea,  total  implants, 

X resorbed  implants,  X failed  implantation  of  ovulated  ova. 

Group  B females  are  maintained  to  day  19  after  observation  of  plug 
and  then  killed.  Their  uteri  are  then  examined  for  surviving  fetuses 
which  are  weighed  and  evaluated  for  developmental  abnormality.  Data  i 

recorded;  intrauterine  death  and/or  resorption,  growth  retardation  and 
developmental  abnormalities. 

Group  C females  are  allowed  to  deliver  at  term  (20  days  after  plug) 
and  to  nurse  their  young  for  5 days  after  which  all  females  and  young  are 
killed  and  weighed.  Data  recorded;  number  of  females  failing  to 
complete  parturition,  number  of  jFemales  failing  to  nurse  or  care  for 
young,  X of  young  stillborn,  X of  young  failing  to  survive  to  5 days, 
growth  deficiency  in  surviving  young. 

Males  surviving  after  40  days  of  treatment  are  killed  and  weighed  and 
those  not  having  inseminated  at  least  one  female  are  examined  for 
testicular  and  accessory  organ  weights  and  histologically  for 
spermatogenesis.  Data  recorded;  presence  or  absence  of  sterility  and 
whether  attributable  to  deficient  reproductive  behavior  or  endocrinology, 

or  inadequate  spermatogenesis.  ^ ; 

An  example  of  a one-generation  reproduction  study  in  rats  is  shown  in 
Figure  1 (10). 

Reproduction  ^ ^ 

The  foregoing  mouse  reproduction  test  is  not  a comprehensive  test  of  ] 

all  aspects  of  reproductive  function;  for  example,  in  case  of  j j 

reproductive  failure  it  does  not  always  permit  assignment  of  the  primary  ' } 

cause  of  failure  to  either  sex  or  both  sexes.  To  determine  whether  males  ] 

or  females  are  at  fault,  it  may  be  necessary  to  repeat  the  test  by  | 

pairing  treated  females  with  control  males  and  treated  males  with  control  l 

females.  It  does  provide  information  on  several  critical  aspects  and  ' 

should  be  adequate  to  alert  the  testing  agency  that  more  rigorous  tests  { 

are  needed  if  human  or  animal  exposures  to  more  than  negligible  ; 

concentrations  are  anticipated.  Although  less  time  consuming  and  I 

expensive  to  conduct  than  currently  approved  mammalian  tests,  this  | 

abbreviated  version  does  not  remove  the  need  for  faster  and  less  costly  | 

screening  procedures.  j 

i 

The  following  table  sumnarizes  an  evaluation  of  several  non-mammalian 
tests  that  could  be  useful  in  a reproductive  assessment  program  after 
appropriate  validation. 
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NON-MAMMALIAN  REPRODUCTIVE  ASSESSMENT  TESTS  (TERATOGBi 


Re ference 

Organisms 
or  Species 

End- 

points 

Time 

Advantages 

1. 

Drosphila 

Morphological 
anomalies;  mouth, 
wing,  etc. 

15  days 

Large  numbers ; I 
low  cost;  time;  clear  < 
endpoints 

2. 

Oryzias  latipes 
ia  fisiij 

Extra-embryonic 
circulation; 
external  and 
internal  anatomy 

20  days 

Large  numbers ; low 
cost;  ease  of  li 

handling,  studies  il 

can  readily  be  timed;  1 

broad  spectrum  of  i 

responses 

3. 

Amphibian 

embryos 

Arrested  develop- 
ment 

Several  days 

Broad  range  of  1 
responses  possible;  < 
tetrapod  development;  a 
cost;  time  ^ 

4. 

Quail 

Beak  and  leg 
development 

15-25  days 

1 

Mother  administered  M 

chemical  prior  to  egg  t 

laying;  low  cost  C 

4 

d 

b 

t 

t 


5. 


Amphibians 

Behavioral  distur- 

25 days 

Large  numbers;  intact 

bances;  retarded 

embryo;  tetrapod 

development;  mor- 
phological changes 

development;  low  cost 

/ 


REPRODUCTIVE 

ASSESSMENT  TESTS  (TERATOGENESIS) 

ime 

Advantages 

Limitations 

R & D Required 

5 days 

i 

Large  numbers; 

low  cost;  time;  clear 

endpoints 

Non-placental ; 
one  dose  study 

Wastage  data;  sterility 
data;  several  doses; 
validation  with  variety  of 
mammalian  teratogens. 

0 days 

Large  numbers ; low 
cost;  ease  of 
handling,  studies 
can  readily  be  timed; 
broad  spectrum  of 
responses 

Non-placental ; 
spawning  in  lab 
not  assured 

Validation  with  few 
teratogens  exists,  more 
is  needed. 

Good  potential. 

^veral  days 

Broad  range  of 
responses  possible; 
tetrapod  development; 
cost;  time 

Seasonal  availability 
only  limited  range  of 
responses  has  been 
studied;  jelly  coat 
may  be  a barrier 

Consequences  of  removal  of 
jelly  coat;  extension  of 
range  of  responses. 

ll5-25  days 

Mother  administered 
chemical  prior  to  egg 
laying;  low  cost 

Maternal  to  ova 
transfer  implies 
chemical  must  have 
an  affinity  for  yolk 
constituent;  not  to 
be  confused  with 
transplacental 
transfer;  seasonal 
availability;  small 
sample  number 

Good  potential  requiring 
extensive  validation. 

^5  days 

Large  numbers;  intact 
embryo;  tetrapod 
development;  low  cost 

Seasonal  availability; 
penetration  problem 
may  not  mirror 
mammalian  situation 

Penetration  problem  can 
be  circumvented  by 
injection. 

NON -MAMMALIAN  REPRODUCTIVE  ASSESSMENT  TESTS  (TKRATCXIKNESIS) 


R*>fer«nc*» 


6. 


7. 


8. 


9. 


OriinniHmd 
or  Spot  VOS 


Pigoons 


Nowt 


Chickon 


Chicken 


End- 

points 

Time 

Advantages 

Interference  with 
histogenesis 

20  days 

Low  cost;  may  be 
a model  system  for 
histogenesis 
induction  capability 

Inliibition  of 
tissue  .ind  orgsn 
growth; 

differentiation 

5-52  days 

A tetrapod;  clear 
end  point  large 
numbers 

Embryo  lethality; 
developmental 
abnormal itiea 

21  days  or 

1 ess 

Cost,  time,  large 
number;  this  is  the 
most  thoroughly 
studied  non- 
maramalian  system 

Abnormal  neural 
fold  and 
segmentation  of 
paraxial  mesoderm 

2 days 

Rapid,  inexpensive 
well-studied  system 

►DUCTIVE  ASSESSMENT  TESTS  (TERATOGENESIS)  (CONT'D) 


■e 

Advantages 

Limitations 

R & D Required 

days 

Low  cost;  may  be 
a model  system  for 
histogenesis 
induction  capability 

Seasonal  availability 

Needs  validation. 

1 

52  days 

A tetrapod;  clear 
end  point  large 
numbers 

Injection  of  chemical 
is  tedious;  analogy 
that  morphogenesis 
and  embryogenesis  are 
somewhat  equivalent 
remains  to  be  proved; 
seasonal  availability 

Further  validation  with 
mammalian  teratogens. 

days  oi 

•s 

Cost,  time,  large 
number;  this  is  the 
most  thoroughly 
studied  non- 
mammalian  system 

Avian  system;  distri- 
bution of  chemical 
in  yolk 

Some  additional 
validation. 

Excellent  potential. 

1 

days 

Rapid,  inexpensive, 
we  11 -studied  system 

Explanted  chick  em- 
bryo culture  requires 
special  skills; 
sample  size  may  be 
limited  by  above 

Additional  validation. 

1 

1 

Exposure 
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6.4  Toxicity  Testing  In  Vitro 


I , 


Introduction 

I Among  the  many  in  vitro  systems  that  have  been  used  in  toxicological 

studies  are  those  involving  pro-  and  eukaryotic  microbial  cells,  cells  of 
vertebrates  of  all  classes,  and  embryonated  eggs.  Nevertheless,  for  the 
purposes  of  this  paper,  in  vitro  testing  will  focus  on  mammalian  cell  and 
tissue  culture. 

I 

The  above-mentioned  in  vitro  systems  have  been  used  for  studies  aimed 
I at  an  understanding  of  tlie  mechanism  of  action  of  toxic  substances 

(Dawson,  1972)  as  well  as  for  screening  purposes  (Nardone,  1977). 

‘ In  order  to  evaluate  the  real  and  potential  usefulness  of  in  vitro 

systems  for  toxicity  testing  it  is  necessary  to  have  an  apprecTation  of 
their  limitations  as  well  as  their  attributes.  In  most  instances, 
advantages  of  time,  cost,  accessability,  genetic  manipulation  and 
I control,  and  control  of  the  the  chemical  and  physical  environment  accrue 

I to  the  user  of  in  vitro  systems.  It  is  recognized  that  some  of  these 

advantages  stem"Trom  t)ie  creation  of  a life-style  which  may  not  reflect 
the  in  situ  situation.  With  the  disruption  of  organismal  integrity  and 
the  use  o^  an  artificial  environment,  the  risk  of  an  ill-founded 
extrapolation  to  what  happens  in  a whole  animal  exists.  Nevertheless, 
awareness  of  these  pitfalls  coupled  with  caution  and  good  judgment 
regarding  the  kinds  of  questions  to  be  asked  and  how  the  answers  are  to 
be  applied  has  enabled  in  vitro  testing  to  be  an  important,  integral  part 
of  toxicity  testing  programs. 

It  is  axiomatic  from  what  has  been  said  above  about  disruption  of 
organismal  integrity,  as  well  as  from  an  ever-expanding  list  of 
experiments  involving  several  aspects  of  cytotoxicity,  mutagenesis,  and 
carcinogenesis,  that  in  vitro  systems  are  most  useful  when  they  are  used 
to  assess  the  effect  ^ a putative  toxin  on  molecular,  subcellular,  and 
cellular  phenomena  that  are  not  dependent  upon  or  influenced  by  other 
cells  and  tissues  and  when  they  are  used  to  assess  toxicity  without 
attempting  to  express  in  a quantitative  way  the  potential  risk  to  man. 
Hence,  we  witness  the  use  of  in  vitro  tests  primarily  as  screens  in 
contemporary  testing  programs. 

Those  tests  which  have  gained  the  widest  acceptance  and  have  been 
validated  to  varying  degrees  include  cell  viability,  cell  proliferation, 

, mutagenesis,  and  carcinogenesis  tests  of  different  kinds.  Other 

, cytotoxicity  tests  which  are  used  less  frequently  but  are  useful  in 

i particular  circumstances  include  plating  efficiency  determinations, 

i macromolecular  synthesis  studies,  assessment  of  gross  cytological  damage 

{ such  as  nuclear  blebbing  and  cytoplasmic  vacuolization,  and  a variety  of 

j differentiated  function  tests  such  as  phagocytosis,  ciliary  beating, 

1 hormone  production,  and  cardiac  cell  contraction. 
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Each  of  the  commonly  used  cytotoxicity  tests  - cell  viability  and 
cell  proliferation  - have  clear  end  points  which  are  readily  quantified, 
and  which  could  result  from  a variety  of  cellular  lesions.  For  example, 
a cell  cannot  proliferate  at  a normal  rate  to  form  adaptive  (fit) 
descendents  should  there  be  severe  distortions  in  any  one  of  a long  list 
of  interrelated  cellular  activities  such  as  DNA,  RNA,  and  protein 
synthesis,  bioenergetics,  microtubule  assembly,  ribosome  biogenesis, 
regulation  of  influx  and  eflux,  and  template  transcription.  Furthermore, 
there  is  great  commonality  among  cells  of  diverse  types  and  species 
regarding  these  processes.  Hence,  the  information  gained  from  in  vitro 
studies  is  readily  applicable  to  cellular  damage  in  general  and  to  the  in 
vivo  situation. 

The  same  logic  applies  to  mutagenesis  and  carcinogenesis.  Genes  and 
chromosomes  of  diverse  species  are  relatively  similar  in  composition, 
mode  of  reduplication,  and  expression.  Hence,  barring  differences  in 
repair  capability,  metabolic  activation,  and  permeability,  similar 
mutagenic  and  carcinogenic  responses  should  be  experienced  by  eukaryotic 
cells  of  diverse  sources,  ^ vitro  and  ^ situ. 

Validation 

Confidence  in  the  role  in  vitro  testing  should  play  in  a toxicity 
testing  program  must  stem  from  well-controlled  comparative  studies. 

While  many  of  these  exist,  the  field,  for  the  most  part,  has  grown  in  an 
almost  amorphous  way  with  retrospective  analysis  providing  the  bulk  of 
the  support. 

A variety  of  studies,  prospective  and  retrospective,  show 
correlations  between  toxicity,  mutagenesis  and  transformation  in  vitro 
and  in  animals  or  humans.  These  include  studies  with  environmental 
samples  (Christian,  1978),  biodegradable  materials  (Hegyeli,  et  al.) 
phthalate  esters  (Autian  and  Dillingham,  1978),  drugs  (Dawson,  1978)  and 
potential  industrial  mutagens  and  carcinogens  (Fishbein,  1977). 

It  should  be  recognized  that  differences  in  sensitivity  often  exist 
when  in  vitro  and  whole  animal  studies  are  compared,  with  the  former 
usualTy  being  more  sensitive. 

In  vitro  cellular  toxicology  is  at  a crossroad  in  development.  There 
are  many  well  defined  and  reproducible  systems  which  could  be  adopted  and 
incorporated  into  testing  regimens  in  order  to  ascertain  the  effect  of 
toxic  substances  on  differentiated  cell  types  and  the  expression  of  cell- 
specific  endpoints.  Among  the  systems  which  are  currently  ready  for 
validation  and  exploitation  are  the  following  cell  types  - cell  specific 
endpoint  combinations. 

Neuroblastoma  - neuronal  cell  functions  such  as  neurotransmitter 
chemicals  and  action  potentials. 

Glioma  - glial  cell  functions  such  as  specific  protein  (SlOO) 
synthesis 

Type  II  Cell  - surfactant  producing  alveolar  Type  II  cell 
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Manmary  epithelial  cells  - hormone  receptors 

Primary  liver  epithelial  cells  - glycogeni  glucose-6-phosphatase , 
a-2-globulin 

Tissue  and  organ  culture  applications  are  lagging  behind;  however, 
the  significant  progress  recently  made  in  the  in  vitro  maintenance  of 
tissue  and  organ  Integrity  with  skin,  whole  mammary  gland,  lung,  and 
whole  embryos  (Nardone,  1977)  suggests  that  at  some  time  in  the  near 
future  we  will  be  able  to  study  in  vitro  the  effect  of  toxins  on 
processes  which  are  affected  by  cell  to  cell  interaction  and  which  are 
accompanied  by  temporally  related  changes,  such  as  keratinization  in  skin. 

Recommendations 

It  is  recommended  that  in  vitro  tests  for  cytotoxicity,  mutagenesis 
and  carcinogenesis  be  used  Tn  the  first  level  of  testing.  The  results  of 
such  tests,  coupled  with  those  of  animal  studies,  are  to  be  used  in 
decision  making  regarding  further  testing  and  prioritization  of  resources. 

A comprehensive  testing  program  will  require  the  "Minimal  Tests" 
listed  in  the  appended  program  and  could  be  augmented  by  those  tests 
labeled  "Supplementary".  It  should  be  recognized  that  mutagenesis  tests 
could  also  be  predictive  of  carcinogenicity. 
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Table 


Cytotoxicity  Tests 

Tine 


"Minimal" 

End-Point 

In  Vitro  System 

Required 

A)Cell  viability 

Dye  exclusion 

Two  established 
cell  lines  (ECL) 

3-5  days 

B)Cell  proliferation 

Culture  growth 

ECL 

3-5  days 

"Supplementary" 

A)Cell  viability 

^^Cr  efflux 

ECL 

3-5  days 

B)Cloning  efficiency 

Clonal  growth 

ECL 

2 weeks 

C)Gross  cytology 

Nuclear  and 
cytoplasmic 
anomalies 

ECL 

3-5  days 

D)Macromolecular 

synthesis 

DNA,  RNA  and 
protein  syn- 
thesis 

ECL 

3-5  days 

E)Liver  cell  function 

Glucose-6- 

phosphatase; 

a-2-globulin 

Primary  liver 
epithelial  cell 
culture 

3-5  days 

F)Alveolar  macrophage 

Phagocytosis 

Rabbit  alveolar 
macrophage 

3 days 

Mutagenesis  Tests  (to  be  coupled  with  microbial,  Drosophila,  and  other  1 

tests.  See  appended  "Predictive  Testing  Scheme  for  Carcinogenicity  or 
Mutagenicity  of  Industrial  Chemicals"  (Fishbein,  1977)). 
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Table 


"Minimal" 

End-Point 

In  Vitro  System 

Time 

Required 

A) Chromosome  damage 

Sister  chromatid 
exchange 

ECL 

1 week 

B)Gene  mutation 

Forward  mutation 
at  the  hypoxan- 
thine-guanine 
phosphor ibosyl- 
transferase 
locus  (HGPRT+/-) 

Chines  hamster 
ovary  (CHO)  or 
lung  (V79) 

2 weeks 

Gene  mutation 

Forward  mutation 
at  the  th}rmidine 
kinase  locus 
(TK+/-) 

Mouse  lymphoma, 
L5178Y 

2 weeks 

"Supplementary" 

A)DNA  alteration 

Unscheduled  DMA 
synthesis 

WI38 

1 week 

B)DNA  damage 

Single  strand 
breaks 

WI38 

3-5  dayi 

Carcinogenesis  Tests 

Minimal  Tests 

A)Cell  Transformation 

Altered  growth 
patterns,  focus 
assay 

C3H/10T1/2/CL8 
cells  (mouse 
embryo) 

4-6 

weeks 

Cell  Transformation 

Altered  growth 
patterns,  focus 
assay 

Syrian  hamster 
embryo 

4-6 

weeks 

Supplementary  Tests 

A)Cell  Transformation 

Altered  growth, 
clonal  assay 

Hamster  embryo, 
transplacental 

4-6 

weeks 

1 


Table  1 (From  Fishbein,  1977) 

A Predictive  Testing  Scheme  for  Carcinogenicity  of  Mutagenicity 

of  Industrial  Chemicals 


Phase  1:  initial  screen 


(a)  Screening  test  with  sensitive  micro-organisms 

(i)  Salmonella  tyhpimurium  TA  1538  (frame  shift) 

(ii)  EschericViia  coli  WPZ  T^ase-pair  substitution) 

(iii)  SaccharomyceTTerevisiae  (mitotic  gene  conversion) 


(b)  Microsomal  assay  using  rat  liver  homogenate  with  the  above  four 
micro-organisms . 

(c)  Cytotoxicity  study  with  HeLa  cells  and  cultured  rat  liver  (RL.) 
cells 

(d)  Chromosome  study  in  cultured  rat  liver  cells 

(e)  Short-term  exposure  of  rats  by  a relevant  route  to  the  highest 
tolerated  dose  followed  by  histological  examination  and  analysis  of 
chromosome  damage 


(a)  An  in  vivo  assay  of  gene  mutation 

(b)  Dominant  letal  assay  in  male  rats 

(c)  Dominant  lethal  assay  in  female  rats 
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(d)  In  vivo  chromosome  study  in  Chinese  hamsters  or  mice  or  both 

(e)  Long-term  carcinogenicity  studies  in  one  or  two  species 

(f)  Pharmacokinetic  studies  and  biochemical  studies  at  the  sub-cellular 
level 


! 
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Table  2 (From  Fishbein,  1977) 
Framework  of  Carcinogenicity  Test  Procedures 


Valid  Data  on 

Test  System 

No  Data  On 

Carcinogenic  in  man 

Threshold  dose; 
individual  risk 

Target  organ  in  man; 
high  risk  groups 

Epidemiological 

studies 

Level  A 

Positive 

Predictive  value 
for  estrapolation 
(at  present  lim- 
ited); target 
organ;  threshold 
dose 

Species  and  organ  speci- 
ficity; dose  response  in 
animals 

Carcinogenicity  test 
in  animals 

Level  B 

Positive 

Species  and/or 
organ  specificity; 
correlation  between 
mutagenic  and  car- 
cinogenic potency 

Mechanism  of  metabolic 
activation  in  animals 
and  man;  type  of  genetic 
damage 

Mutagenicity  tests 
Microbial,  mamnalian, 
human  cells/activation 
in  vivo  and  in  vitro 

Level  C 

Chemicals 
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II.  For  specific  cytotoxicity,  mutagenicity,  and  carcinogenesis  tests. 
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6.5  Behavioral  Toxicity  Testing 

Outline 

A.  Introduction 

B.  Motor  Performance 

1)  Spontaneous  motor  activity 

2)  Coordination 

3)  Strength  and  endurance 

4)  Tremor 

C.  Sensory  Processes 

1)  Vision 

2 ) Aud  i t i on  < 

3)  Pain  sensitivity 

D.  Complex  Learned  Behavior 
n’^ftatToT  responding 

2)  Discrimination 

3)  Learning  new  behavior 

4 ) Memory 

E.  Emotional  Behavior 

1 ) Sexual  Y>e\iavior 

2)  Aggressive  behavior 

F.  Overall  Strategy  for  Behavioral  Toxicity  Testing 
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A.  Introduction 
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Those  charged  with  the  assessment  of  behavioral  toxicity  share  with 
other  toxicologists  the  difficult  task  of  having  to  affirm  the  negative; 
of  always  wanting  to  conclude  that,  given  exposure  to  a particular 
concentration  of  a chemical  for  a particular  time,  no  effect  has  been 
produced.  For  each  type  of  behavior  to  be  examined,  this  negative 
conclusion  is  most  effectively  established  if  a functional  relationship 
is  first  determined  between  exposure  level  and  effect,  with  some  levels 
not  producing  an  effect  whereas  higher  levels  do  so. 

But  note  that  this  procedure  must  be  followed  for  each  type  of 
behavior  in  which  there  is  any  interest.  How  can  one  conclude  that  a 
substance  has  no  behavioral  effects  whatsoever  without  first  testing 
every  conceivable  behavior?  The  answer  is  one  cannot.  After  all, 
establishing  that  a chemical  does  not  affect  seeing  says  nothing  about 
how  it  affects  hearing;  examples  abound  of  chemicals  that  affect  one 
sensory  system  while  sparing  others. 

Because  we  lack  knowledge  of  the  behavioral  interdependencies,  we 
cannot  confidently  generalize  from  negative  results  on  one  aspect  of 
behavior  to  conclude  that  no  other  behavioral  effects  will  be  found. 
However,  we  obviously  can  never  test  the  integrity  of  all  behaviors.  At 
the  moment,  the  solution  to  this  dilemma  is  to  be  found  only  in  sampling 
widely,  hoping  not  to  miss  any  important  aspect  of  behavior. 

In  the  following  sections,  I will  specify  some  of  the  aspects  of 
behavior  that  appear  important  enough  to  warrant  attention  in  any  program 
aimed  at  affirming  that  no  behavioral  effect  has  been  se'*n  with  a 
particular  chemical.  For  each  aspect  I will  offer  my  judgment  on  how 
this  can  be  done  today  most  quickly  and  with  the  least  expense.  Usually 
the  best,  spare-no-expense  method  will  also  be  specified.  As  we  will 
see,  there  are  inevitable  trade-offs  between  speed  and  quality. 
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B.  Motor  performance. 


Measures  of  motor  performance  abound  and  vary  greatly  in  complexity. 
We  shall  consider  these  in  four  categories:  spontaneous  motor  activity; 
coordination;  strength  and  endurance;  and  tremor. 

1)  S£ontaneou8_jBOtor_act_i>ut^ 

Most  animals  display  a low  level  of  general  activity  that  seems  to 
have  no  obvious  cause;  for  this  reason,  it  is  sometimes  labelled 
"spontaneous  motor  activity".  This  is  usually  taken  to  include  such  acts 
as  walking,  running,  sniffing,  rearing,  scratching,  etc.,  in  rats  or 
mice,  and  really  is  defined  by  exclusion  of  all  activity  that  has  an 
obvious  cause.  For  instance,  sexual  activity  would  be  studied  separately 
as  would  aggressive  behavior,  if  one  knew  that  such  behavior  was  likely. 
Otherwise,  these  would  simply  increase  the  total  "spontaneous"  activity 
counted . 

The  actual  composition  of  the  activity  count  is  heavily  dependent 
upon  type  of  apparatus.  A large  number  of  methods  have  been  used; 
photocell  cages,  running  wheels,  jiggle  cages,  direct  observation,  and  a 
variety  of  electronic  sensors  that  reflect  movement  in  a field.  Some 
combination  of  direct  observation  and  either  photocells  or  electronic 
sensors  makes  the  most  sensible  choice  at  present.  Direct  observation  is 
essential  to  pick  up  behavioral  changes  that  are  not  sensed  by  automatic 
devices;  it  would  seem  important  to  note,  for  instance,  whether  or  not  a 
substance  was  producing  an  increase  in  stereotyped  sniffing  or  rearing, 
activities  which  may  not  produce  lawful  changes  in  a photocell  activity 
cage.  Some  hint  of  this  type  of  change  should  come  from  observations 
made  during  chronic  toxicity  testing.  It  is  best  to  make  such 
observations  systematically,  using  an  appropriate  rating  scale  in  order 
to  increase  the  reliability  of  the  measure.  Several  are  given  or 
referenced  in  Robbins  (1977). 

Kinnard  and  Watzman  (1966),  Finger  (1972),  and  Robbins  (1977)  review 
the  advantages  and  disadvantages  of  the  various  methods  of  recording 
activity,  without,  however,  evaluating  the  most  recently  developed 
devices.  It  appears  likely  that  at  least  two  of  these  may  offer 
advantages  over  those  methods  with  much  longer  histories.  One,  typified 
by  that  used  by  Fechter  and  Annau  (1977),  uses  tuned  oscillator  coils  to 
detect  horizontal  movement  in  a plastic  box  located  just  above  the 
coils.  Since  the  sensitivity  of  such  devices  can  be  varied  by  the 
experimenter  and  since  they  can  detect  very  slight  movements,  they  offer 
some  advantage  over  photocell  arrangements.  Several  are  comnercially 
available.  However,  I know  of  no  head-to-head  comparisons  that 
demonstrate  their  sensitivity  relative  to  any  other  activity  measurement 
devices . 

Photocell  activity  cages  continue  in  active  use  and  appear  to  be 
quite  sensitive  to  toxic  substances  (e.g.,  Kurtz,  1976).  One  recent 
development  that  has  increased  interest  in  them  within  toxicology  is 
their  use  with  rats  housed  as  a group.  Before  studying  activity,  a 
decision  must  be  made  on  whether  measurements  should  be  on  isolated 
animals  in  order  to  avoid  the  complications  of  social  influences  or  to 


A.  Top  view  of  reiidencipl  male.  Numerals  indicate 
location  of  8 photocells  and  raised  area  (Area  9). 

B.  Side  view  of  residential  mote  shovtinq  noAt  box  at 

left  and  raised  area  in  center  (Area  9 in  A). 


Figure  1 
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study  several  animals  together  in  order  to  avoid  the  complications 
associated  with  isolation.  Lately,  some  investigators  have  opted  for  the 
latter  course.  The  most  prominent  example,  that  of  Norton  and  her 
colleagues,  has  been  named  a "residential  maee".  The  one  described  by 
Norton,  Culver  and  Mullenix,  (1975),  and  used  by  Culver  and  Norton  (1976) 
in  work  on  carbon  monoxide,  is  shown  in  Fig.  1. 


Four  rats. were  allowed  to  live  in  the  apparatus,  usually  for  four  or 
more  consecutive  days,  and  activity  was  measured  by  the/photocell-operated 
counters.  Separate  totals  were  presented  for  diurnal  (12:00  noon  to  6:00 
PM)  and  nocturnal  (6:00  PM  to  6:00  AM)  activity,  as  well  as  for  what  the 
authors  called  "exploratory  activity",  which  refers  to  activity  recorded 
during  the  first  two  hours  after  the  apparatus  was  cleaned,  etc.  each 
morning. 


The  finding  that  CO-exposed  rats  showed  greater  changes  in  activity 
when  studied  during  the  night  (Culver  and  Norton,  1926)  emphasixes  the 
necessity  of  attending  to  circadian  rhythms  when  studying  toxic 
substances  even  though  these  rhythms  may  not  always  be  affected 
differentially  (cf.  Kotsonis  and  Klaassen,  1977).  Note  that  it  is  not 
yet  clear  that  this  particular  grouped  animal  preparation  is  either  more 
or  less  sensitive  than  the  more  traditional  single  animal  techniques. 


The  idea  of  measuring  the  activity  of  a group  of  animals  living 
together  has  also  been  applied  to  mice  (Ely  et  al . 1976). 


I think  that  either  the  traditional  photocell  or  newer  electronic 
activity  meters  would  be  first  choices  for  quick  looks  at  spontaneous 
motor  activity.  It  probably  would  be  a good  idea  to  measure  animals 
separately,  something  frequently  not  done  with  these  techniques,  because 
it  would  simplify  interpretation  of  the  results.  (If  animals  are  studied 
in  small  groups,  the  correct  unit  of  analysis  is  the  number  of  such 
groups,  not  the  numbe  of  individuals.)  The  residential  maxe  has  much  to 
recommend  it,  especially  if  one  wishes  to  measure  simultaneously  both 
exploratory  behavior  and  general  activity,  or  is  interested  in  studying 
diurnal  cycles. 


2)  Coordination 


Two  general  classes  of  experiments  appear  here.  In  one,  an  animal  is 
trained  to  make  a response  that  demands  a certain  amount  of  coordinated 
activity  in  order  to  earn  a reward  or  avoid  a shock.  Examples  can  be 
found  in  the  work  of  Clark  et  al.  (1962),  who  trained  monkeys  to  hold  a 
lever  within  narrow  limits  in  order  to  avoid  shock;  and  in  the  work  of 
Falk  (1969),  who  taught  rata  to  exert  a specified  amount  of  force  on  a 
lever  in  order  to  get  food  pellets.  These  techniques  demand  an 
experimenter  with  a good  deal  of  behavioral  sophistication.  They  involve 
the  fore  limbs  or  paws. 


The  second  general  class  involves  unlearned  behavior.  If  a measure 
of  coordination  of  running  by  rats  or  mice  is  satisfactory,  then  one  of 
the  many  measures  of  running  on  a rotating  cylinder  would  be 
appropriate.  A review  of  such  devices  appears  in  Watxman  and  Barry 
(1968).  The  one  used  by  Kaplan  and  Murphy  (1972),  which  features  an 


4 


100 


I 


tflei'trude  fliwr  that  diacouragtfd  rata  from  voluntarily  dropping  off  the 
rotating  rod  before  they  were  forced  to  fall  due  to  ita  increaaing  apeed, 
appeara  quite  aatiafactory.  So  doea  the  rotating  cone  of  Chriateiiaen 
(1973^,  which  forcea  the  animal  to  walk  againat  increaaing  aurface  apeed 
until  it  falls  off.  (This  one  waa  designed  for  mice  but  could  easily  be 
adapteii  to  rata.)  Several  versions  of  the  rotating  nnl  are  available 
commercially,  k treadmill  that  has  recently  been  developed  aeems  to 
offer  no  advantages  over  the  rotating  rod  (Gibbina,  1968).  Spyker  et  al. 
(1972;  aee  alao  Spyker,  1975)  used  a simple  preparation,  merely  placing 
mice  into  a deep  glass  tank  that  waa  filled  with  room  temperature  water. 
Swimming  waa  observed  and  quality  of  coordination  of  the  swimming  noted. 

Another  teat  that  is  probably  related  to  coordination  waa  devised  by 
Edwards  and  Parker  (1977)  and  involves  measuring  the  amount  of  splaying 
of  the  hindlimbs  of  rata  that  were  dropped  32  cm  onto  a lab  bench,  having 
been  held  dorsal  aide  up  and  horieontal.  Tl»e  position  of  the  fourth 
digit  of  each  hindlimb  upon  landing  is  marked  and  the  distance  measured. 
Rats  given  acrylamide,  50  mg/kg  ip  3 times  weekly,  showed  substantial 
increases  in  splaying  after  only  three  doses. 

I recommend  trying  the  rotating  rod  described  by  Kaplan  and  Murphy 
(1972),  unless  one  of  the  commercially  available  devices  proves 
aatiafactory.  1 do  not  know  from  personal  experience  how  quickly  rats  or 
mice  learn  that  they  can  jump  off  without  penalty  rather  than  playing  the 
experimenter's  game.  It  may  be  that  this  is  not  a problem  except  in 
repeated  teats  over  many  months  with  the  same  animals.  A second 
relatively  simple  task  is  swimming  as  used  by  Spyker  et  al.  (1972).  The 
measurement  of  hindlimb  splaying  (Edwards  and  Parker  (1977)  is  also 
promising  if  a good  way  of  making  more  objective  the  actual  measurement 
could  be  devised.  The  authors  considered  it  a measure  v>f  peripheral 
neuropathy.  And  simplest  of  all  as  a measure  of  motor  integrity  is  the 
righting  reflex,  which  could  be  included  in  the  simple  neurological 
battery  described  below  in  section  F. 

3)  ^trength_^nd_enduTanc£ 

Closely  related  to  coordination  tests  are  those  reflecting  strength 
and  endurance.  For  instance,  whereas  Clark  et  al.  (1962)  tavight  their 
rhesus  monkeys  to  position  a lever  that  was  easy  to  im^ve.  Dews  and  Herd 
(1974)  trained  theirs  to  exert  a force  of  about  801  of  their  body  weight, 
sustaining  such  p»illa  for  from  30  to  300  seconds.  Clark  et  al.  were 
interested  in  how  well  the  subject  could  position  a lever;  Dews  and  Herd 
were  trying  to  induce  changes  in  mean  arterial  blood  pressure  via 
sustained  static  work.  Both  methods  are  of  interest  to  behavioral 
toxicologists  but  both  are  too  complex  to  serve  as  routine  tests. 

It  is  probably  necessary  to  turn  to  unlearned  behavior  for  a more 
rapid  method  for  judging  strength  and  endurance.  Swimming  aeems  a likely 
candidate  for  measuring  endurance.  It  has  been  used  by  Tusl  et  al. 

(1973)  among  others,  and  appears  sensitive  to  various  environmental 
insults.  Txisl  used  rats  that  were  required  to  swim  from  a starting 
platform  to  a second  platform  some  distance  away;  the  second  platform 
then  was  lowered,  forcing  the  rats  to  swim  again,  while  the  first 
platform  was  raised  to  serve  as  the  goal  this  time.  Control  animals  took 
about  20  seconds  to  make  the  swim. 
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Cabe  et  al.  (1978)  have  described  a simple  way  to  measure  grip 
strength  in  the  rat.  The  animal  is  allowed  to  grasp  a 45  mm  diameter 
ring  attached  to  a strain  gauge;  it  is  then  pulled  away  smoothly  from  the 
ring  and  the  force  required  to  break  its  grip  is  measured.  This  measure 
was  sensitive  to  PBBs,  age  and  sex. 

4)  Tremor 

A simple  method  for  the  detection  of  tremor  was  used  by  Ambani  and 
Van  Woert  (1972)  in  a study  of  tremor igenic  drugs;  it  seems  suitable  for 
use  in  screening  for  tremor  changes  after  the  administration  of  toxic 
substances.  They  used  a commercially  available  activity  platform 
(Lafayette  Instruments,  Inc.:  Model  501),  setting  the  sensitivity 
control  so  as  to  minimize  counts  due  to  exploratory  behavior.  They 
measured  the  tremor  of  two  rats  at  a time,  a procedure  that  does  not  make 
too  much  sense;  I would  recomnend  that  a single  rat  be  studied,  with  a 
small  box  used  to  keep  it  from  roaming. 

It  should  be  recognized  that  there  are  much  more  sophisticated  ways 
of  studying  this  phenomenon.  Rapid  changes  in  the  availability  and  price 
of  computers  may  make  better  methods  competitive  with  simpler  methods 
very  soon.  For  instance.  Wood  et  al.  (1973)  studied  the  tremor  induced 
by  elemental  mercury  poisoning  and  found  that  both  the  amplitude  of 
tremor  and  its  frequency  spectrum  changed  as  plasma  mercury  levels 
dropped  during  recovery  from  the  poisoning;  the  simple  activity 
measurement  device  mentioned  above  would  not  give  information  on 
frequency. 

C.  SensorjrProcesse^ 

A crude  neurological  examination  can  be  carried  out  on  a rat  that  has 
been  given  a toxic  substance.  One  such  is  described  by  Marshall  et  al. 
(1971)  (see  also  the  comments  on  it  by  Deuel  (1977).  Visual  functioning, 
for  instance,  is  tested  by  bringing  into  view  small  bits  of  white  paper, 
coming  at  the  rat  from  over  its  head.  The  rat  usually  turns  toward  the 
paper  when  it  enters  its  peripheral  field  of  vision.  Auditory 
functioning  can  also  be  tested.  Clicks  are  presented  just  behind  the 
ear;  the  rat  will  turn  and  orient  to  the  source  of  the  noise  if  it  can 
hear.  Pinching  the  rat's  hind  leg,  for  example,  is  used  to  test  for 
somatosensory  responsiveness.  If  these  examinations  are  done  blind  by  a 
bright  technician,  with  the  results  recorded  on  rating  forms  that  provide 
for  at  least  crude  quantification  of  responses,  a rough  indication  of 
large  changes  in  sensory  function  can  be  found.  Any  hints  of  loss  of 
function,  can  be  pursued  with  more  sophisticated  tests  such  as  those 
given  below  for  vision,  audition  and  pain  sensitivity.  Taste  and  smell 
can  be  tested  in  analogous  ways.  And  note  that  loss  of  weight  may 
indicate  losses  in  taste  and  smell. 

1)  Visi^ 

A more  quantitative  vay  to  test  an  animal's  vision  is  to  train  it  to 
respond  on  one  lever  in  the  presence  of  one  light  and  on  a second  lever 
in  the  presence  of  another.  The  t«K>  lever  situation  guarantees  that 
cessation  of  responding  is  not  mistaken  for  a loss  of  discrimination; 
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thi«  typ<<  of  error  i«  poeaiMe  where  » ein^Ie  lever  in  titieii,  aiut  the 

»nimtil  ia  tnught  to  respond  in  the  presence  of  » liK^vt  hut  not  in  its 
shsence.  It  is  possible  to  study  «ny  sspect  of  vision  sepsrstely.  Thus, 
for  example,  it  is  possible  to  train  an  animal  to  respond  only  in  the 
presence  of  a particular  wavelength  and  then  discover  wl»ether  or  not 
sensitivity  to  that  wavelength  has  been  changed  by  a cv^mpound. 

Unfortunately,  I know  of  no  way  that  iwe  might  test  in  a simple  fashion 
whether  or  not  a sensitivity  has  taken  place  with  regard 

to  some  aspect  ot  visual  per f'ormance . Particularly  disconcerting  is  the 
fact  that  changes  in,  for  instance,  ability  to  discriminate  between  forms 
may  appear  at  a time  wlien  no  changes  in  ability  to  discriminate 
brightnesses  have  yet  appeared  (Kvans  et  al.  l'>75K  Thus,  a simple  test 
of  brightness  discriminat ii>n  in  this  case  wi'uld  have  not  turned  up  the 
deficiency  in  vision  that  had  occurred. 

Audition 

There  appears  to  be  no  simple  way  to  ascertain  wliether  or  not  an 
animal's  hearing  has  been  impaired  (see  D'Arcy  and  Harpur  (1*1771  for  a 
recent  review  of  many  proposed  simple  screening  tests'.  It  is  necessary 
to  train  the  animal  in  sv^ne  way  so  that  an  auditorv  stimulus  has  control 
over  some  observable  behavior  and  then  to  watch  for  changes  in  that 
behavior  in  order  to  detect  changes  in  hearing.  Unlearned  responses  to 
svtund  tend  to  be  unreliable  or  transiettt.  Tl\e  conditioned  suppression 
technique  seems  to  be  the  easiest  to  vise  with  rats.  In  it,  as  described 
by  Kelly  and  Nasterson  (1*177),  "...  the  animals  wt're  water  deprived... 
and  then  trainevl  to  lick  a spout  for  water  reinforcement  in  the  test 
apparatus,  fh^ce  steady  licking  had  been  established  on  a variable  ratio 
schedule  ( IX-hX),  th«?  animals  were  given  further  training  in  wt\ich  the 
offset  of  a lO-aec  tone  was  paired  with  a shock  to  the  feet.  After  a few 
tvMie-shock  pairing,  the  onset  of  the  tone  elicited  a freesing  response 
incompatible  with  licking.  Tltereafter,  the  cessation  of  suppressivut  of 
licking  was  used  as  an  indicativut  of  an  animal's  ability  to  hear  the 
tone"  (p.  *131).  From  then  on  it  is  simply  a matter  of  varying  the  tone 

intensity  aiul  recording  the  reaction  of  the  rat.  This  is  done  for  a wide  j 

variety  of  frequencies  to  prv'duce  an  audiogram  for  each  subject.  (Sidman 
et  al,  1*)63,  describes  the  use  of  the  s{*me  technique  with  mice). 

Methvvls  using  positive  reinforcement  are  preferred  for  the  mv'nkey 
(Stebbins,  1*170),  but  the  general  idea  of  first  training  the  animal  to 
make  a discriminative  respvMise  lies  behind  all  techniques  of  this  sort. 

3)  Pain  Sensitivity 

A simple  test  of  wltether  any  changes  have  vvcvirred  in  sensitivity  to 
pain  can  be  made  by  using  the  classic  tests  for  analgesic  drugs,  e.g., 
the  hot  plate  technique.  Mice  or  rats  can  be  used.  They  are  placed  vmi  a 
commercially  available  hot  plate  that  is  electrically  heated  and 
thermostatically  controlled.  Time  to  the  first  lick  of  a hind  paw  and 
time  tv»  the  first  jump  can  be  measured.  The  metluvl  is  capable  of 
detecting  both  increases  and  decreases  in  sensitivity.  F\>rther  wc>rk  on 
pain  could  use  the  titration  technique  in  which  the  subject  sets  its  owx\ 

threshold  by  wv^rking  to  decrease  the  level  of  shock,  wlule  the  apparatus  i 

is  prc'grawmetl  to  increase  the  shock  level  perivviical ly  (Weiss  and  l.aties,  I 

1*170).  Hinsever,  this  is  not  as  vet  a simple  screening  method.  I 
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D.  Coaplrx  learned  behavior 

The  only  way  to  learn  anything  about  the  effect*  of  a chemical  on 
complex  learned  behavior  is  to  study  complex  learned  hehaviv>r.  I know  of 
no  shortcut  that  can  get  us  past  this  truism  and  allow  us  to  substitute 
simple  methvxls  for  complex  ones.  Even  the  ones  that  I label  "simple"  in 
the  next  few  paragraphs  are  full  of  traps  for  the  vinwary,  and  the 
literature  is  full  of  examples  of  experiments  done  by  perons  who  had  not 
mastered  the  techniques  of  their  science  well  enough  to  save  them  (and 
their  readers)  from  error.  But  the  problems  posed  by  the  complexity  of 
this  behavior  will  not  go  away  without  study.  My  pc>int  is  that  we  are 
stvick  with  this  difficult  subject  matter  and  might  as  well  get  on  with 
the  job  of  stiKlying  it  intelligently,  even  if  it  costs  mc>re  to  do  so  that 
we  would  like  to  spend.  The  alternative  is  to  ignore  it,  a course  of 
action  we  take  at  our  peril;  this  type  of  behavior  represents  imich  of 
what  we  mean  when  we  speak  of  the  ordinary  behavior  that  man  displays. 

Here  I shall  consider  only  four  aspects  of  behavior;  rate  of 
response;  discriminative  control  of  respomling;  learning  new  behavior; 
and  memor  y . 

1)  Rate  of  response.  Tlu*  rate  at  wliich  .sn  animal  makes  responses 
depeixls  in  large  part  upon  hiiw  it  is  rewarded  for  making  the  responses. 

If  the  reinforcements  are  unpred ic : sbl y relatevl  to  the  responses,  the 
animal  will  adjust  its  response  rate  at  a particular  level  for  a 
particular  level  of  reinforcement  rate.  That  level  will  be  changed  by 
many  drugs  and  also  by  m.any  toxic  substances.  A straight  fvirward  way  to 
examine  changes  in  response  rate  is  to  use  the  variable  interval  schedule 
of  reinforcement  to  generate  a ste.ady  rate  (Ferster  and  Skinner,  I*!!*?). 
If,  for  some  reason,  one  wished  to  avoid  positive  reinforcers,  one  could 
use  a free  operant  avoidance  baseline  to  produce  the  steady  rate  (Sidman, 
I'ibb).  Neither  procedure  is  very  complicated  but  both  demand  careful 
work  and  close  control  over  other  variables.  For  instance,  the  animal's 
weight  must  be  closely  monitored  .and  deprivat  iv->n  level  kept  constant  if 
food  is  to  be  used  as  the  reinforcer  for  perfoi-mance  on  the  variable 
interval  schedule. 

The  response  rate  itself  can  be  specifier!  more  closely  by  making 
reinforcement  dependent  upon  explicitly  designated  pauses  between 
responses.  Such  schedules  are  called  interresponse  time  schedules.  If 
the  animal  is  rewarded  with  fovxl  for  waiting  at  least  20  seconds,  it 
would  come  respond  apprv'pr lately , waiting  long  enovigh  to  ensvire 
reinforcement  for  its  response  perhaps  half  the  time.  This  performance 
has  been  shown  to  be  sensitive  to  many  CNS  drugs  (e.g,  Sidman,  W^S)  and 
to  such  physical  variables  as  non-ioning  radiation  (Thomas  et  al.  l*J75). 
The  influence  of  a toxicant  v>n  this  baseline  is  of  interest  because  it 
says  something  about  how  well  an  animal  c.an  inhibit  its  responding,  since 
that  is  what  it  has  to  d,'  to  succeed  in  gaining  reinforcements  on  the 
schedule;  refrain  frixn  responding  until  the  appropriate  time  has 
passed.  Of  course,  no  external  signal  is  given  t,'  the  animal  as  to  wl;en 
the  required  time  has  elapsed. 
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2^  Di»cr iminat ive  control  of  responding.  Behavior  that  is 
reinf  vir  ceT"  in  the  presence  of  a particular  stimulus  comes  under  the 
control  of  that  stimulus.  That  is,  it  then  becomes  possible  to  get  the 
animal  subject  to  emit  the  response  simply  by  turning  on  the  stimulus. 
Experimental  preparations  suitable  for  the  exploration  of  questions  of 
discriminative  control  abound.  A handy  example  in  the  toxicology 
literature  occurs  in  the  work  of  Hanson  (l*>75^.  He  trained  pigeons  to 
respond  in  the  presence  of  light  of  certain  wavelengths  but  not  in  the 
presence  of  others  and  then  studied  the  effects  upon  this  performance  of 
the  anti-depressant  drug,  phenipraxine . Hanson  showed  that  prolonged 
treatment  with  the  drug  abolished  the  discrimination,  a finding  that 
confirme.1  similar  findings  with  hiunan  color  vision. 

Tlte  same  general  principle  can  be  used  to  examine  the  integrity  of 
perfoimance  under  the  contrv'l  of  leas  obvious  stimuli.  Thus  an  animal 
can  be  trained  to  discriminate  a certain  amvnint  of  its  own  behavior, 
making  a response  only  after  it  has  first  emitted  that  much  behavior. 

For  example,  a rat  (Mechner,  l')58)  or  a pigeon  (Laties,  l'i72)  can  be 
traineil  to  m.ske  eight  or  more  responses  on  one  switch  before  making  a 
response  chi  another;  the  response  cm  the  second  switch  is  reinforced  if 
the  requirement  has  been  met.  If,  on  the  other  hand,  the  minimviro  number 
of  responses  has  nv't  been  m.sde,  nothing  is  given  for  the  response  on  the 
secoml  switch  and  the  animal  has  to  begin  its  count  over  again. 

3^  Learning  new  behavior.  There  are  as  many  ways  of  studying 
learning  as  there  are  I'e^^avlors  that  can  be  learned.  One  frequently  used 
method  involves  discriminatiim  reversals,  with  the  animal  taught  to 
respomt  on  the  basis  of  one  set  of  external  stimuli  and  then,  after 
performance  has  reached  a high  standard,  the  cues  are  reversed  and  the 
animal  requir'd  to  relearn  the  task  with  these  reversed  again,  and  this 
procedure  continues  frctm  session  to  session,  with  the  rate  of  learning 
the  reversals  serving  as  the  measure  of  interest.  This  method  was  used 
by  Smith  et  al.  (l')7bl  in  a recent  study  of  dieldrin. 

The  moat  important  recently  developed  method  for  studying  learning 
involves  the  repeated  acquisition  of  sequences  of  responses.  It  is  a 
highly  sophisticated  methvHl  but  is  not  yet  a cheap,  easy-to-vise  tool 
(Boren  and  Dc'vine,  l*in8;  Thompson  and  Moerachbaecher , in  press3.  Tl\e 
discrimination  reversal  methivl  is  likewise  not  cheap  or  simple.  I am 
afraid  that  there  is  no  simple  way  to  study  learning. 

43  Memory . Perhaps  the  most  commonly  used  method  for  the  study  of 
mesh'ry  is  the  "passive  avoidance"  prc'cedure,  which  involves  punishing  a 
response  by  a mouse  or  rat  and  then  seeing  whether  the  animal  "forgets" 
that  it  has  been  punished  wl\en  next  confronted  with  the  same  situation. 

A recent  version  was  used  by  Floixl  et  al.  (14783.  A mouse  is  put  in  the 
black  compartment  of  a two  compartment  box.  A nh'use  hole  leads  to  a 
white  compartment.  The  white  compartment  has  a grid  floor  through  which 
shock  can  be  administered  to  the  feet  of  the  tiKHise.  The  subject  will 
almost  invariably  go  from  the  black  to  the  white  compartment  as  soon  as 
it  sees  the  hole.  There  it  receives  its  shock  and  is  inmcHliately  taken 
from  the  box.  When  retesteil  a week  later,  a normal  mouse,  presvimably 
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remembering  the  shock,  will  not  move  from  the  black  to  the  white 
compartment.  A substance  that  interferes  with  its  memory  will  lead  it  to 
re-enter  the  white  compartment  as  if  it  had  never  been  shocked.  The 
animal  is  used  only  once. 

More  complicated  methods  are  also  available  for  studying  memory.  For 
instance,  much  work  has  been  done  with  what  is  called  "delayed  matching 
to  sample",  a task  in  which  the  animal  is  taught  to  press  a panel  just 
like  the  one  to  which  it  has  previously  been  exposed.  If  it  has  just 
seen  a picture  of  a ball,  it  must  now  chose  out  of,  say,  three  pictures, 
the  one  of  the  ball.  It  is  rewarded  for  successful  choices  and  the 
interval  between  the  presentation  of  the  sample  picture  and  the  group 
from  which  it  must  make  a choice  is  varied  in  an  effort  to  determine  how 
the  duration  of  this  interval  affects  its  performance.  This  type  of 
procedure  is  required  if  repeated  measurements  over  many  weeks  or  months 
on  the  same  subject  are  necessary  to  the  project.  I believe  that  the 
simple  passive  avoidance  procedure  is  preferable  for  toxicity  screening 
purposes,  with  different  groups  of  mice  exposed  to  different  durations  of 
exposure  providing  a possible  design  to  examine  effects  of  exposure 
duration. 

E.  Emotiont.!  behavior 


Under  this  heading  I shall  discuss  only  sexual  and  aggressive 
behavior.  I had  originally  intended  including  a section  on  exploratory 
behavior,  covering  the  work  done  with  the  open-field  test,  but  decided  to 
omit  this.  My  reading  has  convinced  me  that  interpretation  of  the 
results  from  such  experiments  is  impossible  without  a full-scale  series 
of  experiments  covering  the  multitude  of  possible  variables  influencing 
performance  on  this  test.  The  experimental  situation  is  simplicity 
itself;  a rat  is  placed  in  an  open  field  that  is  completely  bare.  It  is 
much  larger  than  the  animal's  home  cage;  in  one  recent  example  {Seliger, 
1977),  the  field  was  4 ft  x 4 ft.  The  field  is  ruled  off  into  squares  so 
that  the  animal's  activity  can  be  scored  in  terms  of  squares  entered.  A 
rat  placed  in  such  an  environment  usually  "freezes"  for  a short  while 
before  starting  to  explore  the  area.  It  is  also  likely  to  urinate  and 
defecate  freely  in  the  unfamiliar  environment;  boli  are  usually  counted 
and  taken  as  a measure  of  "emotionality".  Unfortunately,  these 
measures — and  there  are  many  more  (Walsh  and  Cummins,  1976  list  about 
30)  — seem  very  susceptible  to  influence  by  many  procedural  variables 
and  usually  correlate  only  slightly  with  one  another  even  though  they  are 
supposed  to  be  measuring  the  same  underlying  process.  Factor  analytic 
techniques  have  recently  been  used  to  make  some  sense  out  of  a confusing 
literature  (Royce,  1977)  but  I think  that  the  technique  produces  only 
confusion  when  used  as  a screening  technique  in  toxicology. 

1)  Sexual  behavior.  If  a test  of  reproductive  competence  is  done, 
further  tests  of  sexual  behavior  may  be  given  a very  low  priority;  one 
can  argue  that  adequate  reproductive  performance  presupposes  adequate 
sexual  behavior.  The  paper  by  Wilson  and  Nardone  (unpublished)  should  be 
consulted  for  details  of  suggested  methodology  for  the  assessment  of 
reproductive  performance.  If  a complete  reproductive  assessment  is  not 
contemplated  or  if  a rapid  indication  of  interference  with  sexual 
behavior  itself  is  desired,  testing  such  as  that  carried  out  by 
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Madlafousek  eC  al.  (1971)  would  be  appropriate.  They  examined  the  way  in 
which  cadmium  affected  the  sexual  behavior  of  male  rats  by  presenting 
sexually  receptive  females  to  sexually  inexperienced  males  and  measuring 
such  aspects  of  performance  as  time  to  first  intromission,  time  from  the 
first  intromission  to  the  appearance  of  the  ejaculatory  behavior  pattern, 
time  between  consecutive  mounts,  number  of  incomplete  mounts,  etc.  A 
brief  description  of  the  types  of  recording  done  in  studies  of  sexual 
behavior  may  be  found  in  Miczek  and  Barry  (1976);  the  measurements  that 
Madlafousek  et  al.  (1971)  used  are  described  in  detail  in  Larsson  (1956). 


2)  Aggressive  behavior.  Miczec  and  Barry  (1976)  list  eight  different 
ways  to  induce  aggressive  behavior  that  have  commonly  been  used  in 
studies  of  drug  action  on  rodents.  These  are: 

Putting  together  previously  isolated  male  mice  (a  certain  proportion 
of  such  isolated  mice  will  fignt  when  first  put  together); 

Introducting  a strange  rat  (or  mouse)  into  the  home  environment  of 
another  (lighting  may  ensue,  but  the  inci<)ence  o^  sue):  lights  is  low  and 
variability  high,  and  repeated  measurements  are  impossible); 

Painful  stimulation,  usually  shock  to  the  feet  (a  good  procedure  in 
that  reliable  behavior  can  easily  be  generated;  bad  in  that  its  relation 
to  naturally-occurring  aggressive  behavior  is  remote); 

Changing  a positive  reinforcement  schedule  to  extinction;  i.e.,  no 
longer  giving  food  for  responding  (this  type  o^  procedure  lias  been 
studied  with  elegant  automatic  recording  of  the  attack  behavior;  repeated 
measurements  designs  would  be  difficult  to  use); 


Electrical  stimulation  of  points  in  limbic,  diencephalic  and 
mesencephalic  structures  or  destruction  o^  suen  structures  as  the 
olfactory  bulbs  or  t)ie  septum  (the  effects  are  sometimes  only  transitory, 
procedures  are  quite  tricky  with  precise  placement  of  the  electrodes 
difficult,  and  interpretation  of  resulting  aggression  problematic  in 
terms  of  naturally-occurring  aggression; 

Administering  particular  doses  of  drugs  such  as  amphetamine  and 
ay^orphine  (the  need  for  high  doses,  the  bizarre  behavior  produced, 
difficulties  of  interpretation,  all  combine  to  make  this  an  unsuitable 
method  for  our  purposes); 

Putting  animals  in  competition  for  food,  water  or  a sexual  partner 
( one  drawback  is  that  any  substance  may  have  effects  upon  hunger,  thirs t 
or  the  sex  drive,  independent  of  the  aggressive  behavior  presumably  being 
studied  as  the  way  the  animals  are  resolving  their  competition); 

Mouse  killing  (some  rats  will  kill  a mouse  put  in  its  cage; 
■interpretation  of  this  behavior  is  clouded  by  the  fact  that  little  is 
known  of  its  causes;  the  incidence  of  killing  tends  to  drift  with 
repeated  trials,  with  some  rats  showing  a new,  higher  level  of  mouse 
killing  after  a treatment  that  has  induced  it  to  kill  more  than  usual,  a 
^finding  that  complicates  interpretation  of  experiments  involving  a series 
of  repeated  measurements). 
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The  above  comments  within  parentheses  come  largely  from  the  Miczek 
and  Barry  review.  It  appears  that  there  is  no  single  perfect  way  to 
study  aggressive  behavior  but  the  first  and  last  mentioned  methods  offer 
the  most  promise  for  short  tests.  Neither  the  use  of  previously  isolated 
mice  nor  the  use  of  mouse  killing  demands  much  in  the  way  of  equipment. 

It  appears  that  an  isolation  period  of  about  four  weeks  is  needed  to 
ensure  that  most  of  the  mice  will  actually  show  aggressive  behavior  when 
put  together;  that  such  factors  as  strain  and  the  precise  measure  used  to 
indicate  aggression  are  very  important  in  producing  reliable  results;  and 
that  blind  recording  of  the  behavior  is  essential.  Strain  of  rat  used  is 
quite  important  in  determining  the  level  of  mouse  killing.  Sprague- 
Dawley  rats  show  kill  rates  of  lOZ  to  30Z  whereas  Long-Evans  rats  have 
kill  rates  of  50Z  and  higher. 

A simple  way  to  detect  the  presence  of  pain-induced  aggression  is  to 
pinch  the  forepaw  of  a rat;  this  was  the  test  used  by  Marshall  et  al. 
(1971)  in  their  examination  of  the  effects  of  lateral  hypothalamic 
damage.  It  is  hard  to  quantify  such  a measure  but  it  may  still  be  useful 
as  a crude  first  look  at  the  existence  of  a change  in  level  of  aggressive 
behavior,  with  any  hint  of  such  a change  to  be  followed  up  with  other 
tests . 

We  should  recognize  here  that  we  have  been  treating  aggressive 
behavior  as  if  it  it  were  a unitary  phenomenon  when  it  most  likely  is  not 
(Moyer,  1971).  The  various  types  of  agggressive  behavior  have  different 
physiological  and  biochemical  bases  and  therefore  would  react  differently 
to  toxic  chemicals.  It  may  thus  be  necessary,  or  at  least  desirable,  to 
study  them  all  separately  in  order  to  arrive  at  a definitive  picture  of  a 
substance's  effect  on  "aggression". 
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F.  Overall  strategy  for  behavioral  toxicity  teating 

Here  ia  one  of  Che  many  possible  approaches  to  the  task  of  examining 
an  unknown  chemical  for  behavioral  toxicity.  For  other  approaches,  see 
Lacies  et  al.,  1977;  Weiss  et  al.,  1975;  EPA  Workshop,  1977.  I will 
assume  chat  the  work  is  to  be  done  with  rats  and  chat  exposures  will  be 
made  at  levels  appropriate  to  Che  questions  to  be  answered  about  the 
particular  chemical  at  issue. 

1.  A crude  "neurological"  examination,  such  as  that  described  by 
Marshall  et  al.  (1971)  and  further  elaborated  by  Dueul  (1977),  could 
serve  for  a first  look  at  any  obvious  effects  on  behavior  (see  above, 
page  8,  for  a brief  description  of  part  of  the  sensory  examination). 
Turner  (1965)  also  describes  many  simple  ways  of  looking  at  reflex 
func  cions . 

2.  Motor  integrity  could  be  examined  by  using  a combination  of 
simple  procedures,  such  as  an  activity  measuring  device,  a rotating  rod, 
a swimming  Cask,  and  grip  strength  The  last-named  could  be  done  as  part 
of  the  original  neurological  examination. 

3.  Sensory  function  and  complex  learned  behavior  could  be  examined 
together  by  training  rats  to  work  on  a multiple  schedule  of 
reinforcement,  consisting  of  two  simple  schedules  with  each  under  the 
control  of  a different  sensory  stimulus.  For  instance,  a light  and  a 
Cone  could  be  used  as  controlling  stimuli  with  them  alternating  every  15 
minutes.  The  trained  animal  would  switch  quickly  to  the  pattern  of 
responding  appropriate  to  the  schedule  in  force  at  the  time.  Changes  in 
its  behavior  after  exposure  to  a chemical  could  reveal  much  about  the 
substance  under  review  although  the  complexity  of  the  situation  has 
deliberately  been  chosen  to  require  further  work  to  pin  down  precisely 
which  aspect  of  the  behavior  is  responsible  for  anv  change.  For 
instance,  if  the  rat  starts  to  respond  at  the  same  rate  during  each 
period,  regardless  of  which  stimulus  is  present,  it  may  not  be  capable  of 
seeing  Che  light  or  hearing  Che  tone.  Such  suspicions  could  be 
investigated  with  Che  methods  described  in  Section  C above.  However, 
further  work  to  determine  which  sensory  defect  has  occurred  may  be  of 
only  academic  interest  in  view  of  the  profound  damage  done  by  the 
chemical.  If  the  rat  works  in  a very  desultory  fashion  on  the  task, 
pausing  for  long  periods,  it  may  be  that  Che  substance  has  interfered 
with  its  appetite;  again,  .more  work  would  have  to  he  done  to  tease  this 
out  as  an  unique  effect.  We  may  also  learn  something  about  the 
chemical's  effects  upon  the  discriminative  control  exerted  by  the  two 
stimuli,  apart  from  any  frankly  sensory  defects  produced.  If  the  rat 
remained  under  good  control  of  some  other  sensory  stimulus,  such  as  a 
light  Chat  was  associated  with  delivery  of  the  food  pellet,  w<>  may  be 
able  to  conclude  that  it  can  indeed  still  see.  The  chemical's  effect  on 
response  rate  itself  would  of  course  be  measured  here.  And  if  the 
performance  remained  intact  from  day  to  day,  we  probably  would  conclude 
that  no  great  changes  in  memory  were  being  produced.  If  one  cimnponent  of 
the  multiple  schedule  involved  shock  to  the  feet,  as  in  the  free  operant 
avoidance  schedule,  an  absence  of  changes  in  rate  would  assure  us  that  no 
changes  in  sensitivity  to  painful  stimulation  had  occurred. 
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The  exact  schedules  of  reinforcement  to  be  chosen  are  less  important 
than  the  fact  that  two  of  them  are  to  be  examined.  One  choice  would  be 
fixed  interval  and  fixed  ratio  schedule  combination  recoimnended  in  Laties 
et  al.  (1977),  which  has  the  virtue  of  having  been  the  subject  of  a great 
deal  of  prior  work  in  behavioral  pharmacology  (McMillan  and  Leander, 
1977).  Work  with  a great  many  combinations  can  easily  be  defended.  The 
best  thing  that  could  happen  to  behavioral  toxicology  at  present  would  be 
to  have  many  different  experimenters  try  out  different  schedules  in  order 
to  find  out  their  relative  sensitivity  to  toxic  substances.  Premature 
freezing  of  procedures  is  unwarranted. 

4.  The  three  suggested  groups  of  tests  just  outlined  do  not 
constitute  a hierarchy  of  tests;  it  does  not  seem  possible  at  this  time 
to  order  tests  in  such  a way  that  negative  results  on  some  tests  imply 
that  negative  results  will  be  obtained  on  all  those  below.  It  may  be 
possible  to  make  defensible  inferences  about  the  prospects  for 
performance  on  the  more  expensive  and  complex  tests  from  the  results  on 
the  simpler  ones  by  "trading",  as  it  were,  between  exposure  level  and 
expense.  For  example,  one  could  assume  that  a chemical  that  does  not 
disturb  a rat's  ' ordinated  motor  activity  at  one  exposure  level  would 
not  distrub  comj  .ex  performance  on  a reinforcement  schedule  at  some  small 
fraction  of  the  level. 

The  determination  of  toxicity  requires  more  information  about  the 
relative  sensitivity  of  various  types  of  behavior  to  chemical  insult. 
Researchers  should  be  encouraged  to  make  systematic  comparisons  among 
behaviors  part  of  any  future  behavioral  toxicology  work. 
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6.6 


Addendum;  Behavioral  Toxicology  Protocol 


General 

Three  different  behavioral  teats  are  in  routine  use.  Each  employs 
the  rat  as  the  test  subject  and  requires  twenty-five  minutes  to  complete 
(a  test  session).  The  Sequential  Response  Test  (SRT)  described  below 
requires  pretrained  rats  and  is  used  to  assess  the  effects  of  drugs  and 
chemicals  on  learned  behavior.  The  SRT  has  also  been  used,  though  not 
routinely,  to  examine  response  behavior  during  extinction.  The 
Spontaneous  Activity  Test  (SAT)  described  below,  requires  experimentally 
naive  rata  and  is  used  to  assess  the  effects  of  drugs  and  chemicals  on 
rats'  spontaneous  unconditioned  movements  or  behavior.  The  Passive 
Avoidance  Test  (PAT)  described  below,  is  a one-trial  teat  which  also 
employs  naive  rats  and  is  used  to  assess  the  effects  of  drugs  and 
chemicals  on  learniM  behavior. 

Routine  Tests 

Sequential  Response  Test  (SRT);  A rat,  conditioned  to  lever  press, 
is  placecl  in  a specially  designed  test  environment  containing  four  levers 
and  a liquid  dipper  mechanism  mounted  on  one  of  the  walls.  The  rat  is 
required  to  press  the  levers  in  the  sequence  1,  2,  3 and  4,  in  order  to 
gain  access  for  five  seconds,  to  a cup  containing  0.2  ml  of  water  ( a 
reward  or  reinforcement).  The  levers  are  a hard,  clear  plastic  material, 
each  back-lighted  with  a 5 watt  bulb.  As  each  lever  is  pressed  in 
accordance  with  the  demands  of  the  schedule,  it  lights  up.  However,  any 
response  (R)  occurring  out  of  sequence  or  more  than  one  R per  lever, 
resets  the  sequence  (turning  off  wliatever  lever  lights  wi're  lit)  and 
requiring  the  rat  to  start  over  again  at  lever  one. 

A rat  is  conditioned  to  the  four  lever  chained  schedule,  in  five 
stages;  (1)  Lever  pressing  behavior  is  hand  shaped  using  the  principle 
of  rewarding  successively  closer  approximations  to  the  desired  response, 
until  the  animal  finally  presses  the  lever.  (2)  The  rat  is  then  rewarded 
for  responses  on  each  of  the  four  levers,  randomly,  until  it  learns  to 
move  rapidly  from  lever  to  lever  without  favoring  any  particular  lever. 
(3)  Gradually  the  rat  is  introduced  to  a multi-lever  chained  schedule; 
rewarded  on  lever  2 after  pressing  lever  I,  then  on  lever  3 after 
pressing  lever  I and  2,  and  finally  on  lever  4 after  pressing  1,  2 and 
3.  Early  in  this  stage  the  rat  is  randomly  rewarded  on  lever  I as  well 
as  on  the  terminal  lever  of  the  other  three  chained  schedules. 

Gradually,  rewards  on  lever  number  1 are  eliminated,  then  on  the  1-2 
chain  etc,  until  the  rat  reaches  stage  (4)  where  it  is  being  rewarded 
only  on  the  four  lever  chain.  The  lever  lights  are  not  used  until  the 
beginning  of  stage  (3)  and  the  sequence  reset  is  added  (stage  !>)  to  the 
schedule  only  after  the  rat  achieves  60X  correct  responding  (or  morel  and 
is  receiving  60  to  70  rewards  per  test  session,  in  stage  (4). 

Conditioning  in  stage  (5)  is  considered  complete  when  the  daily  plot  of 
each  rat's  percent  correct  responding  begins  to  asymptote.  When  this 
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point  ia  reached,  the  percent  correct  responding  for  individual  rata 
ranges  from  about  70  to  over  90X.  Although  all  the  parameters  vary 
considerably  from  rat  to  rat,  they  are  remarkably  stable  for  each  rat, 
from  one  test  session  to  the  next. 

The  basic  data  collected  during  a test  session  are  the  total  number 
of  rewards,  the  number  of  incorrect  Rs  on  each  lever,  the  total  Rs  and 
the  total  trials  (a  trial  is  terminated  by  either  a reward  or  an 
incorrect  R).  In  addition  to  the  percent  correct  responding,  the  percent 
correct  trials  are  calculated  and  recorded  also. 

It  requires  from  nine  to  twelve  weeks  to  fully  condition  a rat  to 
this  schedule  of  reinforcement. 

Spontaneous  Activity  Test  (SAT);  A rat  is  placed  in  a plexiglass 
cage  mounted  on  a special  sensor  plate  that  detects  movement 
electronically  (Stoelting  Electronic  Activity  Monitor  - EAN).  Four 
sensor  units  are  housed  in  a sound-retardant  cabinet.  A low  gain  white 
noise  is  piped  into  the  cabinet  through  a 2 inch  PM  speaker,  located 
adjacent  to  each  activity  cage. 

This  system  takes  advantage  of  the  fact  that  when  a capacitance 
(rat's  body)  is  moved  in  a radio  frequency  field  (generated  by  an 
oscillator  and  broadcast  in  a very  restricted  area  around  the  sensor 
plate)  it  generates  a small  voltage  in  the  plate,  proportional  to  the 
magnitude  of  the  movement.  This  voltage  is  sensed  by  a detector  and 
chopped  above  whatever  peak  voltage  level  the  experimenter  has  it 
calibrated  for.  This  digitised  signal  is  reshape^!,  reamplified  and 
counted  as  an  activity  count.  Two  adjustable  activity  detectors  are 
connected  to  each  sensor  plate.  One  detector  is  calibrated  to  pick  up 
all  animal  movements  down  to  the  level  of  muscle  tremors  (L-1).  The 
other  detector  is  calibrated  to  pick  up  motion  of  the  magnitude  of 
locomotion  or  greater  (L-2).  The  counts  on  counter  (L-2)  are  recorded  as 
Gross  activity  and  the  (L-l)-(L-2)  counts  are  recorded  as  Fine  activity. 

A ratio  of  F/G  movements  is  also  calcvilated  and  recorded  for  each  rat. 

Passive  Avoidance  Test  (PAT);  A rat  is  placed  in  a test  box 
containing  a house  lig)it  anc^  a grid  floor  through  which  an  electric  shock 
can  be  delivered.  Located  in  each  of  the  four  corners  of  the  box  are  a 
pair  of  photodetecting  units  (each  unit  consists  of  a photosensor  and  a 
light  source),  mounted  so  that  the  adjacent  beams  are  parallel  to  the 
floor  but  perpendicular  to  each  other,  intersecting  at  a point  5.5  cm 
from  both  walls  and  3 cm  above  the  floor.  Each  pair  of  corner  units  are 
connected  to  a 28  vdc  controlling  circuit.  That  circuit  is  opened  (off) 
only  when  both  photobeams  in  a corner  are  interrupted  simultaneously. 
Although  the  light  sources  for  all  the  photosensors  are  on  during  a test, 
only  the  two  sensors  associated  with  one  corner  (the  correct  corner) 
control  the  operation  of  the  shock  generator. 

A test  session  begins  when  the  house  light  is  turned  on.  Starting 
five  seconds  later  and  repeating  every  five  seconds  thereafter,  a 0.5 
second  scrambled  shock  (0.6  ma,  300  volts)  is  delivered  to  the  grid  floor 
until  the  rat  terminates  the  shock  by  entering  the  correct  corner.  As 


long  as  the  rat  remains  in  that  corner  it  will  not  get  shocked,  hence  the 
term,  passive  avoidance.  VRienever  the  rat  moves  far  enough  from  the 
corner  so  that  at  least  one  photocell  beam  is  made  again,  the  rat  will 
get  shocked  until  it  once  more  fully  re-enters  the  corner. 

The  normal  behavior  of  the  rat  in  this  test  situation  is  to  run 
around  the  inside  perimeter  of  the  box  during  each  shock,  but  stopping 
and  remaining  apprehensively  still  between  shocks.  The  rat  usually 
discovers  the  correct  corner  by  the  coincidence  of  'freezing'  in  that 
corner  between  shocks.  However,  after  being  there  for  a short  while 
without  being  shocked,  most  rats  will  finally  wander  to  the  corner  and 
consequently  get  shocked.  This  cycle  repeats  with  the  rat  rapidly 
learning  that  entering  and  remaining  in  the  correct  corner  prevents  or 
avoids  shock. 

The  basic  data  are  the  total  number  of  times  that  the  rat  enters 
and  remains  in  the  correct  corner,  for  a minimum  duration  of  five 
seconds.  This  is  termed  a Passive  Avoidance  Response  (PAR).  A learning 
curve  can  be  constructed  by  cumulatively  plotting  the  PARs  recorded  each 
minute  of  the  test  session.  In  addition,  the  total  number  of  shocks 
delivered  and  the  total  time  the  rat  is  out  of  the  correct  corner  are 
also  recorded. 


Procedures 

Vlhen  dose  response  studies  are  done,  a minimum  of  48  rats  are 
used.  They  are  apportioned  equally  among  six  experimental  groups;  one 
receives  saline  (or  other  vehicle)  and  the  remaining  five  groups  are  each 
administered  different  doses  of  the  compound  being  studied.  The  material 
being  studied  is  usually  administered  intraperitoneally. 

The  continuous  data  generated  in  the  behavioral  tests  are  converted 
to  probit  data  by  comparing  each  treated  animal's  particular  behavioral 
parameter  to  the  95X  confidence  limits  of  the  control  mean,  for  the  same 
parameter  (M+  t0.05  x SD;  df*n-l).  Values  that  fall  outside  these  limits 
are  scored  a“  an  effect  and  those  that  fall  within  these  limits  are 
considered  as  no-e^^ect . The  dose  response  regression  line  and  limits 
are  then  compute*^  using  the  Bliss  method. 

Rats  being  utilized  in  other  types  of  toxicity  testing  are 
occaaioiially  submitted  for  routine  behavioral  toxicity  evaluation  in  the 
SAT  and  Pi^T.  These  rats,  kept  in  whatever  cages  they  arrive  in,  are 
stored  overnight  in  the  behavioral  laboratory  animal  room.  They  are 
allowed  water  ab  libitum,  but  are  deprived  of  food.  The  following  day 
each  rat  is  tested  first  in  the  SAT  and  then  in  the  PAT  (four  rats  are 
evaluated  simultaneously  in  each  system).  Iimnediately  after  testing,  the 
rats  are  returned  to  the  laboratory  from  which  they  came. 

Where  it  is  appropriate  to  do  so,  the  mean,  standard  deviation  and 
standard  error  are  calculated  for  each  test  parameter.  A standard 
Students  't'  test  is  routinely  employed  to  determine  significant 
differences  between  experimental  and  control  mean  values.  The  level  of 
significance  differences  accepted  is  p 0.05. 


Animal  Care  & Use 


Rats  obtained  for  long  term  use  in  the  behavioral  toxicology 
laboratory  are  housed  in  stainless  steel  cages  containing  chopped  corn 
cob  bedding.  Up  to  four  rats  are  housed  in  a single  cage  and  these  cages 
are  changed  meekly.  Ihe  rats  are  fed  and  given  fresh  water  daily.  They 
are  also  ear  coded  on  arrival  and  then  handled  individually  and  weighed 
daily  for  at  least  two  weeks  (10  working  days)  before  being  used. 

Rats  to  be  conditioned  in  the  SRT  are  deprived  of  water  for  72 
hours  prior  to  the  first  attempt  to  shape  lever  pressing  behavior. 

During  conditioning,  the  contingencies  or  reinforcement  are  arranged  to 
insure  that  each  rat  receives  at  least  15  to  20  ml  of  water  daily  during 
the  work  week.  On  Fridays  the  rats  are  allowed  water  ad  libitum  for  a 
minimum  of  one  hour  and  then  deprived  for  the  week-end. 

The  shock  duration,  frequency  and  dose  employed  in  the  avoidance 
procedure  is  discomforting  enough  to  motivate  a rat  to  learn  how  to  avoid 
it,  but  is  otherwise  harmless. 

When  a rat  is  no  longer  needed  it  is  euthanized  either  by  cervical 
dislocation  or  scxne  other  painless  method. 
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7.0  REGULATORY  AGENCY  GUIDELINES  AND  INDUSTRIAL  PROTOCOLS 


Table  8 


Sunnary  of  Regulatory  Guidelines  for  Toxicity  Testing 

A.  Environmental  Protection  Agency 

Convencional  Tests  - adapted  from  FR  40  #123  6/25/75  (Pesticides) 
#162.81  Hazards  to  Humans  and  Domestic  Animals 


Acute 

Tests 

References 

Acute 

oral  LD,~  (single  dose) 
dermal  (single  dose) 

Rat  preferred 

1,2, 3, 4, 6 

Acute 

Rabbit  preferred 
(Guinea  pig  and 
rat  acceptable) 

5,22 

Acute 

primary  dermal  irritation 

Rabbit  preferred 
(Guinea  pig  and 
rat  acceptable) 

13 

Acute 

primary  eye  irritation 

Rabbit  acceptable 

12 

Acute 

inhalation 
by  other  routes 

Rat  preferred 

10,11 

Acute 

Same  species  as 

None 

(intravenous,  intraper itoneal ) 

for  acute 

2. 


Subacute  Tests 

Subacute  (1/2  lifetime  of  organism) 
Subacute  dermal  (multiple  exposure) 


Subacute  inhalation 
Subacute  oral 


Rabbit  - subacute 
dermal 

Guinea  pig  - skin 
sensitization 
Rat  preferred 
At  least  2 mam- 
malian species, 
one  a non-rodent , 
but  excluding  the 
rabbit 


13 


None 

None 


3.  Teratology 


One  mammalian  spe-  15,16,18,20 
cies  that  has  a 
hemochorial  pla- 
centa (rat,  mouse, 
non-hvnnan  pr  (mate ) , 
dog  may  also  be 
used 


4.  Neurotoxicity 


Adult  hen  (accept-  26 
able  for  determining 
effects  on  myelin 
sheath);  rat  or  dog 
(for  demonstrating 
acetylcholinesterase 
inhibition) 
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5.  Metabolism 


Rat  or  doR  for  27,28 

extrapolation 

to  man 


6.  Chronic  tests  (1/2  lifetime  of 
organism) 

Oncogenic ity 


Feeding 


Reproduction 


Lifetime  feeding  None 

studies  on  at 
least  2 mammalian 
species  (rat  and 
mouse  or  hamster) 

At  least  2 mammalian  9 
species,  one  of 
which  must  be  the 
rat 

Must  be  performed  17,18 

on  at  least  one 
mammalian  species 
using  one  of  the 
same  rodent  species 
used  in  the  feeding 
studies . 


Other  chronic  tests  (usually  the  oral  route)  5, 6, 7, 8 

Effects  on  pesticides  on: 

Hematopoiesis 
Endocrine  systems 

Histopathology  of  various  tissues  and  organs,  particularly 
liver  and  kidney 

7.  Special  studies  (Required  under  special  conditions) 

Mutagenicity  Conducted  on  iji  15,19,20,21 

vivo  mammalian  test 
systems 

Potentiation  studies  23,24,25 


8. 


#162.82  Hazards  to  Fish  and  Wildlife 

Avian  acute  oral  Single  Dose  - Mallard 

preferred  or  quail 


Avin  subacute  dietary  1-D^q 


8-day  protocol  - one 
water  fowl  and  one 
game  bird 


Fish  acute  toxicity  96-hr, 


One  cold  and  one  warm 
water  fish  (Rainbow 
Trout  and  Bluegill) 
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Table  8 (Cont'd) 


Invertebrate  acute  toxicity 
‘>b-hr,  LC-^ 


Mamnalian  toxicity  data  (acute  and  sub-acute)  usually  adequate  for 
for  wild  mammals 


Acute  toxicity  96-hr,  with  shrimp  and  crabs  for  estuarine  or 

marine  environments 


Acute  toxicity  96-hr,  with  oyster  larvae  or  shell  deposition 

data  with  representative  marine  mollusc  for  marine  or  estuarine 


environments 

Effects  on  flora  and  fauna  in  aquatic  environments  (case  by  case 
basis) 

Chronic  tests 

Avian  reproduction  studies  (Bobwliite  and  Mallard) 

Subacute  or  chronic  fish  and/or 

invertebrate  reproduction  studies 


CRF  40  1/1/72 


Section  162.8  - Economic 
Poisons  Highly  Toxic  to 
Man 


Toxic ity 

Oral  - Single  Dose 


14-dav  LD, 


Inha lat ion 


14-day  LC, 


Skin  absorption 
(No  References) 


14-day  LD 


Male  and 
Female  Rats 
Male  and 
Female  Rats 
Rabbits 


Consumer  Product  Safety  Commission 


FR  38  #187  9/27/73  #1500. ■>0 


Methods  of  Testing  Toxic 
Substances 


Acute  derma)  - single  exposure 


Primary  skin  irritation 
(Patch-test  technique) 
Eye  irritant  test  (0.1  ml 
Liquids;  tOO  mg  Solids) 


Rabbit  (24  hours;  two 
weeks  observation) 

Albino  rabbit  (24  hours, 
72  hovirs) 

Six  albino  rabbits  per 
substance  (readings  at 
24,48,72  hours) 


(No  references) 


Note  - The  Consumer  Product  Safety  Commission  conmiss ioned  The  National 
Academy  of  Sciences  to  update  "Principals  and  Procedures  for  Evaluating 
the  Toxicity  of  Household  Substances"  (NAS-NRC  Publication  1138,  1964). 
The  1964  edition  has  been  referenced  by  EPA  as  a suggested  source  for 
guidelines  and  protocols.  The  1977  edition  will  likely  also  be 
referenced  by  EPA.  This  document  gives  the  most  detailed  guidance  for 
toxicological  testing  of  any  published  to  date. 


Table  8 (Cont'd) 


Section  173.343  Poison  B. 


Oral  toxicity  - single  dose  - rats 
Toxicity  on  inhalation  - single  dose  - rats 
Toxicity  by  skin  absorption  - rabbits 

A substance  is  labeled  a class  B poison  when  it  produces  death  within 
48  hours  in  half  or  more  than  half  of  a group  of  10  or  more  animals 
(Rats,  rabbits). 

(No  References) 
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Turposo; 

Animals: 


Animal  Caro: 


To  assoss  llu'  chronic  toxicity  of  a tost  snhst anco. 

Assign  20  male  and  20  lomalo  wciinllng  (dO-J.I  davs 
of  agi')  Charli's  Ulvor  Cl)  (Spi  ag\u— OavU  v)  rats  to 
oaoh  t'xv’cr  Imont  a 1 or  control  group.  I'ist  rllmto  the 
animals  among  the  groups  cvi’uly  .locording  to  sox 
and  volght  . Mark  each  anlm.il  lor  pormanont  Identi- 
fication. 

Hour.o  the  animals  In  itulivldual  cages  at  22-2.S“C 
and  approximately  ftlX  relative  luimidity.  Kxpo.se 
them  to  alternating  12-hour  light  and  dark  peilods, 
unless  otherwise  specified. 


FrcdJng  Levels:  EstaMlsh  one  control  group,  receiving  ground 

rurlna  Laboratory  Cliow.  I'.stahl  Isli  3 ti  st  groups, 
each  receiving  a different  level  of  the  test  svib- 
stance  in  Purina  Chow.  The  lowest  level  Is 
Intended  to  be  a no-effeet  level.  The  highest  level 
should  be  the  higlu'st  dose  not  expected,  from  sub- 
acute .studies,  to  produce  an  adverse  effect  other 
than  a slight  weight  reduction  when  compared  to  the 
control.  An  intermediate  level  is  chosen  in  the 
expectation  of  seeing  a dose-related  response. 

Feeding  Conditions;  Offer  food  and  tap  water  .-i^  lH'li'l!]}*  Prepare  fresh 

chow  diets  weekly,  iiiul  store  f liem  in  tlu^  dark  at 
3 ^ 2'’C  until  they  are  put  into  fi'cd  cups.  Submit 
each  batch  of  «ll<'t  for  .'inalysis  to  Insure  that  the 
test  material  has  been  Jncorporateil  at  the  I'le- 
scribed  level.  Submit  .samples  of  the  juire  test 
material  at  intervals  t<'  insure  th.it  It  h.is  not 
changed  during  storage. 

Data:  Maintain  careful  ree<'rds  of  each  Individual  animal. 

Record  values  of  body  weight,  feed  consumpt Ion,  and 
feed  efficiency  weekly  for  13  wi'cks,  an<l  monthly 
thereafter.  Calculate  the  qii.-mlltles  of  test 
material  Ingested  per  vinlt  of  lu'dy  w<'lght  at  each 
of  these  Intervals.  N.tke  daily  gross  I'bscrv.'it  ions 
of  the  anlm.als,  and  record  anv  peteeived  abnorm.tli- 
tios.  Continue  the  experlmi-nt  tor  12  montlui. 
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Chri'nic  Oro'l  Toxicity  (cont’d) 

Kldni'V  f.  l.lvrr 

b'uiu'l  Ions:  It  orj’,.in  d.'imngt*  Is  di'toctoil  in  Oiirly  autopslo.s, 

porfonii  ui  lnalysi’s,  kldin’V  fund  iini,  ;nui  livi'v 
function  tests  betorc  later  s.icr if xcos  {Appendix  1). 

Will'll  nr inalysos , kidney  function  tests,  and  liver 
function  tests  are  to  be  performed,  use  tbe  ten  ani- 
mals from  eacb  group  that  are  to  he  sacrificed. 

Place  these  animals  In  metabolic  cages  which  have 
been  thoroughly  washed  and  rinsed  in  distilled  or 
dionired  water,  for  3 days  to  adapt  to  their  new 
environment  before  colli'ctlng  samples.  Record  food 
consumption  while  the  animals  are  in  the  metiibollsm 
cages.  Allow  oiu'  week  bi*tv>>een  s.-imi’le  collections 
and  sacrifice  so  that  the  collections  can  be 
repeated  If  necessary. 

Collect  urine  samples  under  toluene  for  a 24-hour 
period,  Freere  Individual  urine  samples  and  store 
them  until  all  tlie  data  have  been  collected  and 
analyzed  .at  each  necropsy  period. 

Necropsies;  Sacrifice  and  necropsy  S males  and  5 fem.'iles  from 

each  group  at  J months  and  at  6 montlis.  Select 
these  animals  before  the  start  of  the  study,  from 
a table  of  random  numbers.  Take  samples  for  histol- 
ogy and  hematology  and  as  listed  in  the  Appendix  II. 

Animals  that  die  or  are  judged  moribund  during  the 
experiment  are  to  be  grossly  examined  by  a patholo- 
RtRf  . searching  for  tvimors  and  evident  cause  of 
death.  Make  these  ex.im  I nations  even  In  animals  that 
autolyze  extensively  between  death  and  discovery. 
Tls.sues  are  taken  and  placed  in  the  appropriate 
fixative  using  sufficient  volume  to  Insure  complete 
fixation. 
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CJu'oatc  Oral  Toxicity  (oont'il) 

At  termination  of  tin*  stiuly,  all  animals  are  nocrop- 
r.ied.  Tissues  are  taken  and  preser\'ed  as  described 
above.  Tissues  from  all  controls  and  hlgli  treatment 
groups  will  be.  examined.  Tn  addition,  all  tissue 
masses,  suspected  tumors  and  lesions  are  to  be 
examined  microscopically  by  a pathologist.  Addi- 
tional tissues  from  low  dose  group (s)  animals  should 
be  examined  if  indicated  by  findings  in  higher 
treatment  groups. 

Report:  Prepare  a comprehensive  report  giving  all  experi- 

mental details,  body  welglit  gains,  feed  efficiencies, 
organ/body  weight  ratios,  hematological  values, 
longevity  values,  incidence,  location  and  description 
of  all  tumors  or  lesions,  and  all  pertinent  tests  of 
statistical  significance.  File  the  final  report 
within  3 months  of  completing  the  experimental  work. 

Protocol:  These  studies  are  always  to  be  carried  out  under 

Individually  prepared  protocols.  The  previous 
description  is  a guideline  for  protocol  preparation. 
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SuHi.ht  .'!i  ii'  oi-ij ^'r<'NU_itN  - i’!'  .i!u!  ‘‘ I !>''V  '''"'IL'l'i 

I'urpos'.':  To  iln'  to';ii  i(.y  ol  a siil  ovor  an  esti'.mlcJ 

t imo  I'l  l .i;iii/or  lo  iK'l  i' 1111 1 no  i ho  ilosos  of  tlK’  sub— 
tiianoo  lli  i;  vl!l  lio  o;  i iair  ior  iiso  in  a clironlc 

footiiuj',  aiuilv. 

Aniinais:  Weani  Inj;  ('IS  tlav^.)  rats,  i>f  a f iiain  ami  sourco  to  be 

spocifioil  tor  o ii  h oxpoi  i ita'nt  (■uaio  11  y- Cox  or  Cliarles 
Uivor  ISO]  ; aWMil  tlOr  i vo>I)  . 

l''or.aj;o  Level:  Choosi'  iloso  li’vols  vui  i h-'  ba;:I^;  of  liata  from  pilot 

stmllos  or  provious  t'xpor ! I'uco . 

ri'ocoduro:  llouso  ! luom i n;;  aiiim.-.ls  in  ipKU'ani  ino  (J  animals  of  like 

sox  per  caj’ol  lor  1-7  ilays  aftiM'  arrival.  Feed  Purina 
l.aboratoiy  t'iiov-Moal  and  water  ad  l ibitum. 

I'.xoludo  all  animals  of  tpio;:  t i on  do  I ( health  or  outlying 
body  wi'ipht  ((iit-oi)  pan).  Divide  i ao  anlrunls  (20  males 
and  20  I I n .1 1 i'!:/p,ron)i)  (I  per  (Mp.e)  between  the  number 
of  exper  i riont  a.  I p.roaps  .s|.'eo  i I i e.i . Iiu-lndlng  one  control 
group  (l.alioia  t in  y I'iiow  -Mi'a  I ) . 

Administer  t tie  ti-tU  maloi'ial  I o!  2;>  or  91  days  at  the 
designated  levels,  in  rurin;t  Lahorat  ory  ('lu)W-Mcal. 

Prepare  iliets  .it  1 lie  .ippropr  la  I e level  one  day  prior 
to  the  start  o]  (he  test  in  snJfii  ii'iit  quantities  to 
last  for  7 d.ivs.  Mix  suhsequent  .liets  at  weekly  In- 
tervals. Dise.ard  ail  diet  not  eonsumod  within  7 days. 

Store  test  maieri.iW:  and  diets  not  placed  In  animal 
feed  .l.nrs  in  a d.nk,  eool  area  ( !lS''r-.*2'F) . Take  a 
random  sample  ol  ea.-h  b.itch  ot  vliv't  (''30-50  gms)  for 
nn.ilysis  .ind  .uialy.-e  .i.---  apiirojn  1 a { e . Record  individual 
am'i.iaJ  body  wi'ip,h:s  and  toed  coin-uaiiiitlon  weekly  and 
proci'iis  the.  d.tia  tlnouph  the  eoinnnier  for  determination 
of  group  ::tat  i.st.  f ea  I s i p,u  1 1 le.in!  >1 1 1 f erenco.s  for  body 
wi'ight  gain,  teed  eon:. lu’. pi.  Ion  .ind.  feed  efficiency. 

Observations:  Clieck  animals  in  their  cages  d.'.il\,  and  observe  more 

closely  when  woip.hing  ftn  phy.sie.il  .ippearancc , local 
systemic  toxicity,  .ibnoin.il  lis.sui  masses  and  mortjillty. 
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r.i.ils  ili.it  Ail'  1.11  I'l'i'i'i.ii'  ii'.or  i hi'.uii . .-Vt  thii  I'uiu'lii.s  Ion  ol 
t ho  stmlv,  iK'.'ioi'sy  .ill  siivviviiio,  .inimnl;'..  Aiu'SthoLlEe 
l hi'  iiiiiii.sls  'V  i i h soiliur.i  ;'i'u  I .il'.'i ; h i 1 ;i  I (l.I*.  b nig/100 
t;iii..;  hoily  woir.htl.  T'. '..iiio.ii  I ii.'i  1 1'  ml  ol  blooJ  1 1'l'm  the 

poi'tollov  V<".'..!  O.IV.l  U'-.llil'.  .'I  llOi'.llo  HO  Slllilllol'  G'-'" 
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the  s'iu'uum  m 1 ho  tiiho  1 1'  iiiiplv  ilio.  syrliipo.  I’rocos.s 
tho  I'liioil  to  ilol  01  liiiiio  v.iUio;:  lov  homoglol'in , hematocrit, 
vhito  !' 1 ooil  ooi’iit  , I Oil  Mood  v'oiinl  , noau  oorpnooular 
volurio,  iiio.iii  001  p'.iaou  1 ai  liomop,  1 oh  i n , I'.'Oaii  oorpn.sonlar 
hoiiiop,  1 oh  i n eon.'i  o' r.U  ion,  si'pmon  t od  noutiophil,  noii- 
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.'Hill  ha.'ioph  11. 


Pissoot  all  .mli’i.il.s,  iuoludiiu,  tho.so  which  die  or  hocome 
ii.or  I hiind , t.il.o  I Is.-uio  !'.poo  iiiieua  aiivl  tiliv.  as  Jlated  ou  tho 
al.l  u'hod  .'dioi  I . I'ro.soivo  .i'll  tlr-nios  In  \P%  neutral 
hiilloi'od  I Ol  m.i ! 1 II*.  Pioeoi;:;  lis.'.uo:;  t roni  all  animals  and 
evalnato  h i s I o 1 op.  i oa  ! I y . 


Koport  not'tiilitv,  hodv  Wi'ip.his,  hodv  i.’oiphl  p.'ilns,  orpan 
woipht'i,  oi'p,.|i  to  h.niy  woii.h!  r.U  li'S,  ' ood  eonsumpt  Ion, 

1 ei''l  o I 1 i .' ! oiio>  , .111.1  lion  .11  o lopy  vili'o...  .-Vnalyri'  the 
data  1. 1 .It  I 'll  i o.i  1 I V iisinp  the  an.i  i vs  i s ot  variance  method 
(ISP  and  I'l',  t.ihli'sl.  ivopoi't  .'in\  ollnie.u  or  heliavioral 
ahiiorm.i  1 i t i O',  that  .no  oh:,  i vod  .liniii!'.  tho  study  and  any 
al'iii'r.'.i.i  I i l i o;.  that  aio  oh'.oivod  ..t  noorop.sy.  I’ile  the 
Mn.iJ  vopot  t witliln  (>  wootis  ot  complotli'n  ot  the  e.xperi- 
r-.ent . 
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I’.ii  .-nuii  i ,1  n ;'.oi'lion  ol  J.it  nnri.l.'  ;uk1  aorta 

Ci'om;'.  .Moct  ion  o;  1 lu-  sir.ilpjit  port  ion  of  tbo  tboraclc  aorta 

lii'o.M.M  .Moi'tion  iusi  antoi'ior  to  dor.Mal  proiv.inonoe  wb.tch  lies 
iniiiwny  boii.'o.ii  tip  and  b.i.Mo  ot  t ongno 


Traclu'a,  Kuophn-  Obtalnod  top,otlu'v  by  l ransvi'i'Mi' 1 y st'otloning  at  the  level 
yii.s,  Tbyroiii  of  tin'  tliyr.'i.l  oart  i I .ip.o.-:  ,iiul  .U  I be  lovol  of  the  flrat 

(I’arat  byriiiil)  traolu  al  rim'.s. 

Siibnan.i  i bn  1 ar  Soctli’n  throup.b  p.r.Mt  o.st  illiiunMion  (loft  for  section;  right 
l.yir.ph  Node  for  .m.ivo). 

Ileocecal  Lymph  line  for  .section;  one  for  save 
Node 

Stowach  (I'lincllc,  Open  the  stomach  along  its  greatest  curv.atnre  and  observe 


(i.irdiiic , 
r\ lor Ic 
Regions) 


and  rei'iov.'  iug.'iaa.  Cm  a strip  of  stomach  by  making  an 
Incision  I'.ir.’Mel  to  the  livsi.  'I'he  .section  \cill  include 
the  caidi.ic,  tnndic  and  pvloiic  I'ortions  of  the  stomach. 


Liver  Sect  ton  tvo  la’ge  li'hes  of  the  liver 

llnodennm  Cre.Ms  .Meet  ion 

Jejunum  Cross  so.  t ion 

1 li’lum  Cro.'is  soe'  ion 

Ceeu'n,  Colon  (iii-ss  .••■I'c  t ions  ot  e.ieh 

brln.try  Sep.ir.it t ro:  i.epi  e.lnet  iv.'  oig.ins  and  cut  in  half  anterior 


br  I n.iry 
liladdei 

Kidneys 


to  post . 1'  i e;- . 


Cro.MS  s.eti.'ii  th.-  i-id  i.a  t ions  .>(  b.'th  kidneys. 
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SLnndarcl  ri  ocedure  /f  7 lor  To;  i.col  oi;ic.i]  Kvaliuit  Ion 
Kecropsv  - Ti.ssius  and  TiKrnj'.iJn)',  Methods  (coat'd) 


l’o(]C: 

Issue  No . : 

2 

Dote;  6-2 

.N77 

Sup  Cl  sedes: 

Pope; 

Issue; 

TAasiic 

Roproduc  t ive 
Trnc  L 


Adrenals 

Thymus 

Psoas  muscle 
Spleen 
Pancreas 
done  Marrow 
Skin  .... 
Brain 

Submandibular 
Salivary  Gland 

Eyes 

Lesions 


Tr  liiim.inR  Met  lu»d 

Male  - Half  oC  the  prostate  end  seminal  vesicle.  Open  tunic 
of  the  testcij  aiul  place  1 testis  in  vial  for  sectlonlne. 

Female  - Both  ovaries  are  lalicn  intact.  Cross  section  both 
uterine  horns.  Cros.s  section  vagina. 

Left  intact  adrenal  is  taken  for  sectioning;  the  right 
for  save. 

Section  througli  the  grtatest  dimension 

Cro.ss  section 

Longitudinal  .section 

Longitudinal  secticni 

Total  left  femur 

Dorsal  cervical  section 

Medial  lon.gi  t vuiin.il  section  (includes  cerebrum,  mid  brain, 
cerehel  1 urn,  stiTtl 

Section  tlirougli  great  e.st  dimension.  Left  for  section, 
right  for  save. 

Botli  eyes  are  takin  intact. 


Dctcnnine  relative  and  nhsoluii'  weights  for  the  liver  and  kidneys. 
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Kvmii  t I'l  I_  T<>x  U'  i.'  y 

riirpajU’:  To  ] i o\  iili.'  tlio  I nfov.' -a  i oi!  tlia 


A.iliTia  1 a : 


rroa«.\it!i'f 


Observat Ions: 


Ti'ianj  nat  Ion: 


To  I I o\  lib.’  till'  I nfov'.' at  i on  tliat  is  nooiloil  iov  liesipninjt 
a ‘'l-vlav  I'val  loy.ioilv,  oso'o  ia  1 .1  v in  f oi  r:a  t i on  abont 
tbo  tio.-.o  levfl:;  to  bo  used  auu  tho  gross  tt'xlc  offects 
tha.t  nay  I'o  oxi'oot.tal . 


rivi-  r.alo  aiu!  tonal 0 rats  per  group.  The  vats  are 
to  be  oondlt  ionoJ  for  a ninir.iuti  t>f  7 days  and  be  ^-b 
woiks  I'ld  \,'!ion  the’  oxpei  in.ont  begins.  Their  strain 
aiu!  sonroo  are  t he  speeitAed  for  each  stiuly.  House 
tlie  ouir.ials  c'ne  per  e^^ge.  Assign  the  rats  rnndoirly 
to  a ti’st  groui’s,  which  will  receive  diftcrent  levels 
of  test  raateri  il,  and  to  one  control  group.  Kxoliide 
animal!',  of  gui'Stionahle  health  ot  outlying  body  weight. 


Supply  I'cid  and  w.iter  ad  1 ihi  t liiii.  Administer  the  test 
iiiati'rJal  either  by  oral  intvit  ii  ion  in  a Sjiecified  vehi- 
cle c'r  by  inooi  poia t ion  into  Pie  diet,  as  si’eclficd  for 
each  siuviy.  fhoinu'  ^ level-  ti-r  administration  on  the 
basis  of  the  known  or  anpci)-ated  ( ox  ieo  log  i ca  1 prop- 
ert  ios  of  t'ne  ma.ti-i  ial,  .ind  give  one  level  to  each  of 
the  3 li  st  grovips.  Ideal  Iv  P'e  levels  idiould  he  so 
chl't  en  that  i h>'  hie'iest  I 'vel  produces  a ri'sponse,  the 
low  level  pivid'oces  im  rcspi'twie  and  the  IntermcvHate 
level  then  indicates  ilie  nature  ol  the  dose-response 
rol  at  i iniJihip . Dose  t lie  rats  daily  (by  oral  Intubation) 
or  continuously  (i'v  dietary  iiu  lusion)  for  Pi  days. 


Obsevvi'  the  r.its  d.iily  to:  phvsleal  appearar.ee,  signs 
ot  lor.-il  or  !;yster'ic  loxiiitv,  .nul  mortality.  Weigh 
the  animal!;  hot  o;  e the-  exper  i.iient  and  after  1 and 
2 weik!'..  neteii-,.iue  teed  v oni-umi'L  1 on  and  fei-d  tff- 
icieiu'v  i.oel.  ly.  Per  lorn  gro-e;  necro])sies  on  any 
aui  a’.s  that  die  v-'  Income  ;.’orihuud  during  the  study. 


On  the  l’’th  dac,  sacrifice  1 1 surviving  animals  by 
admi  n i ■;  t ’ a t ioa  .a  excess  .uu'!;lhctic  (sodium  pentoharbi- 
ti'l  - I.!'.).  Peilorm  g,ro:;s  necropsies  on  trl  1 attimals. 
Preset  ve  .inv  t is::u--!;  sbowing  gross  lesions  in  lO'i  neutral 
Iiullerod  tiirr  i i i a '•  tor  posiAIle  future  pathological 


ex  t’;’  in.u  io'.i. 


* 15  parttt  flx.it  ive:  1 pat  t tisi.uo. 
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Kmi  rt<*en-Day  Oi;il  Toxic  i t_j|_  St  wily  (coni  ' il ) 

Report:  Repo  It  luiiiy  welyJiLs,  f oecl  cunsumpt  Ion,  nnU  fcctl 

cf  f iciriu'lc'!'.  witli  iipproprinlo  Kitnl  l.stical  niuilvfn’s. 
(Annly/sis  of  VarJanco  |1S1)  ami  Ko^  tables])  Report 
mortality  data,  cause  of  dealli  where  It  can  be 
cleteimined,  and  any  abnorma  1 1 1 les  that  are  observed 
In  flu;  11  vine,  animals  or  at  necrojisy.  File  the  report 
within  !{  weeks  of  rompl el  Inp.  the  sttuly. 
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Si  .'ikI.iivI  t’lv'i'o.hKo  -'Ai  t ni  Tox  Ko  I i .m  I 'vMKi.iioii 
('.nliK  .t  I'.Ll'}' 

I’uv  I'-'sc : 

Aiiimn  1 : 


l'o;.,t>,o  l i'vol; 


I'l  t'lK'iUn  i' 


Ki'i'i'i  I : 


'K-  .ioli'iwKi.'  iiK.uix.'  Kv-'K.  of  (m  im.u  v (nll.iiU'n. 


li.iMli'v  .lU'i  };iMi\r,i  I'iio-.  l In  I'o  |'i  i Sioii)',  i('0-.i 'i'  H''' 
c n-li . 


Con.  nun  ,U  i on  oi  I . i I ' i :■  on  I'vovK'vn.  oNpinK  on.-r 

I'r  I'l  o 1 ii'i  i r.'  I \ i o:  n 1 i . 


till’  .ij'i'ioj'r  I iU  o I'linoinK 


I’l  I’i'.n  <’  I ■ i 1 i i 1 i ! ('  1 ■; 

(ion  ol  ir'.i  1 toii.il.  I'ni  -'.'0  m\nillU'V!i  ol  t lio 

solm  Ion  (n  .i  M'l'  iv, i 1 I i I <t  m l'>';il<or,  ono  lot  o.-u  )i  .ml- 
mil.  Vl.no  I lio  Ivo.il-ovs  In  .i  v;K  or  bntli  not  ;U 
t'ont  ir,v''''l<'  I I III*'  loni  si'lul  Iv'U  \ oivolu'n  I'.ii  li  tiT.H'oi.i- 
till  o.  l';u  )unn  'o  1 lio  oniv.i.il'  K'f  ^n'oui'  (iloni  11  lo.K  Ion 
oiul  I'l.-uo  I ho  ,niir;.il:;  in  piM  I oi  at  oil  t ont  )';t  i not  s . IKin'o 
t Iio  ruiftiial  .iii.l  I o;'!  I a I IIP!  in  t ho  hoakoi  r-o  .'s  to  ov'Voi 
I hi'  ont  i I o 1 1 on'^  ot  the  annual  1 i'l  hi'ni  n tlailv 

1 iM  I I'i'in  i'l  ui  i \'o  ilavs.  Wasli  t hi'  aninaln  allot'  oaih 
o\|'osnvo  villi  li'i'iii  t a)'  v.il  i i aiui  liiv  vtth  loiiv  <’1oth 
tovola.  Ihio  I 1 o:.h  tont  .•iami'lo  liailv. 


hhavo  t h''  ahih'iiK'H'.  ol  tin'  a'liiiials  i'lt  I hr  .sixth  trnl  liav 
vith  a aii'a  1 1 aniiii.il  > 1 * j'l'i  i • Si'oi  o rraot  ionii  lolK'winjt 
a (liv'loi  ial  j'niih'  ton  I ilo  at  Mi'l,  U i o i o^',  I oa  1 trnl  ino. 
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"I'l- 1 .i t o 1 oo.v  1 n I ho  K.it 

{So,',iiout  T1  ot  l‘lbh  riW  taiUiolinos) 

I'nipoao;  To  ilotormlno  the  offoctt!  of  a niatei-fal  on  toi-ati'j^onoaiH 

in  the  rat. 

Anii.ials:  R.its,  Chailos  River  Ch,  Rpvaguo-Daw.ley  orlKlnateil,  r.exuiilly 

mature,  weij’.liiu)’  approximately  200  g iit  tlu*  time  ol  receipt, 

30  female.s  and  15  iiiales  per  group.  All  anlmal.s  will  he 
housed  in  individual  ,stainlet;.s  steel  cages  with  raised  wire 
floors  and  have  free  acci'ss  to  feed  and  water.  The  males 
. will  he  used  only  for  mating  and  will  receive  no  treatment; 

no  records  will  he  kept  on  them.  All  animals  will  hi"  acclimated 
to  the  laboratory  for  1-2  week.s,  while  helng  fed  Purina  Chow 
pellel.s  or  their  eipiivalent.  If  the  animals  are  to  he  tri’Sted 
by  gavnge,  they  will  remain  on  Purina  Chow  pellets.  11  the 
test  material  will  he  administered  in  the  feed,  the  animals 
should  he  placed  on  ground " Pur ina  Chow  at  the  enil  of  the 
acclimation  pericid.  The  females  will  be  assigned  unique 
numbers  and  be  identified  with  ear  tags. 

Procedure:  Take  dally  vaginal  smears  to  determine  length  and  nonual  Ity 

of  cxtrour.  cycles.  At  the  beginning  of  the  third  cycle 
expose  females  to  the.  males  (2  females  to  1 male).  The. 
presence  of  sperm  in  the  vaginal  smear  will  Indicate  dav  "0" 

< of  pregnancy.  On  days  b throngli  15  Inclusive  of  gestation, 

treat  the  fem.alcs  with  teat  compound,  either  by  gavage  or 
In  the  feed.  Test  two,  preferably  three,  or  more  levels 
of  the  test  material,  chosen  on  the  basis  of  intended 
use  (human  exposure),  general  properties  and  acute  toxicity. 
Naive  and  vehicle  controls  will  he  included  v.’here  appropriate. 
During  each  pregnancy,  measure  and  record  tlie  feed  consumcil 
for  the  jierlods  0-5,  h-15  and  16-20.  Weigh  the  females  on 
days  0,  3,  6,  9,  12,  15  anil  20,  in  order  to  monitor  maternal 
toxicity  and  to  adjust  dosages  during  the  treatment  period. 

The  records  ior  the  animals  sacrificed  on  day  13,  will  end  on 
that  day. 

On  day  13,  oacriflee  one- half  of  each  group  of  females, 
wliich  had  been  randomly  assigned  on  day  "0",  by  excessive 
ether.  Remove  the  uteri  and  ovaries.  Record  the  nnnihers  of 
corpora  luie.i  of  pregnancy,  Imiilanlat  ions  and  re.>»('r\itlons , to 
determine  early  enihryot ox  1 c 1 ty . On  day  20  of  gestation 
uacrifice  the  lem.'iinlng  t>ne-hali  ol  each  group  of  pregnant 
females  wl  I li  excessive  ether  and  oju'n  the  abdominal  cavity. 
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Ti'Vatol^^y  in  t (oontVl) 

(St‘>\i!U“nl  11  i’i  I'l'A  (Ui  1 ill’ 1 inos) 

Ui'coitl  t he  tuuiihors  of  coriiova  lut.ea,  sipecifylnr.  t I'o  nntuher  i>t> 
each  side.  Opeii  the  conivia  anil  remove  tlie  ictuses,  hut  al*jo 
note  any  rc.soi pt Ions  and  iloail  fetuses.  Remove  fetuses, 
cutting,  umliilteus  approximately  mid-distance  between  fetal 
nbdomou  and  pl.uenta.  Biot  fetuses  dry  with  soft  paper 
towelltig,  iitspoct  lor  Rrosts  ahnorm.alltlen,  deternilno  the 
sex  and  vejp,h.  The'  fetuse.s  should  he  numbered  consecutively 
from  the  distal  end  of  tlie  cornua  on  the  animal's  right  aide 
. to  the  distal  end  of  the  left  .side  In  a countei-clocUwlse 

fashion.  Resorption  sites  .should  be  indlc.ited  in  tbelr 
appropriate  number  place. 

Each  fetus  will  he  Ideutlflcd  with  an  appropriate  tag  f.n.stened 
to  a limb  or  around  the  nock,  showing  a code,  number  which 
identifies  the  group,  dam  and  fetal  po.sitii'u.  Randomly  select 
one-thlrcl  of  the  f etu.se.w  in  each  litter  for  .skeletal  ex.^mln- 
jitlon  with  the  remaining  two-thirds  receiving  sof  t-t  i.s.sue 
pjcami nation.  However,  the  random  .selection  should  he  altered 
If  a lotus  has  an  external  condition  that  warrants  exiualnation 
by  a particular  mef.bod  e.g,  a fetus  with  spina  hlfid.a 
_ or  mlcropthalmtn  would  be  examined  by.  sof  L-tlcsue  metbods. 

The  fetuses  to  be  examined  for  sktiletal  defect.s  will  he 
« evl.scerated , cleared  with  KOll  and  stained  with  allz.irln. 

The  method  used  should  he  Staples  and  Schnell  (Stain  Tech. 

39,  19Cu’0  or  an  equivalent  method.  The  Ictuses  from  a single 
litter  can  he  put  into  n single  jar  for  processing.  The 
jar  .should  be  Identified  as  to  study  mimher,  group  or  treat- 
ment number  and  dam  or  litter  number.  The  remaltilug  pups  will 
he  fixed  In  Bouins  fixative  for  two  weeks,  again  using  .a 
single  Jar  for  each  litter  and  labelled  a.s  above.  These 
fetuses  will  he  ra.tor-blade  .sectioned  and  examltied  for  sofl- 
lisr.ue  abnormalities  (Wilson,  Teratology,  Principles  and 
Tcchnlque.s,  19bS).  Dead,  near-term  fetuses  nhould  be 
included  in  the  soft-tisriue  exainiu.ation.  Edematous  fetusps 
or  hemorrhagic  blehs  will  he  considered  ns  late  lesorptfonu. 

Ihirlnp,  the  tikelelal  cxamln.al  1 on  record  numbers  ot  rlb.s  and 
St  eruehr.ie ,•  iudicallng  degree  of  cnlcil  icat  lou.  Examine 
vi'i  tehr.u’  lor  luiml'er  and  the  degree  of  ca  Ic  if  i t'at  ion,  iih  veil 
as  for  obvious  delects,  nurlng,  the  soft-tissue  exnmluallon 
record  variations  such  as  hydronephosla  and  foldid  lelina. 
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Tlssui  ;;  will  nol  noni'.ally  be  taken  from  the  dams  for 
hlstopatholoj'.y . but  all  gross  lesions  should  be  recorded. 

If  it  is  <lcGnied  appropriate  by  the  investigator  and  resident 
pathologist  tliat  tissues  should  be  taken,  the  number,  kina.s 
and  methods  will  be  detenained  at  that  lime. 


15 


20 

O 

25 


Report: 


35 


40 


At  the  tine  of  making  the  test  solutions  or  diets,  a 100  g 
sample  will  be  taken  of  each  such  solution  or  diet  to 
the  presence  of  the  test  raaterial  and  the  appropriate  level 
in  the  vehicle.  These  should  be  labelled  with  study  number, 
test  material  number,  group  or  treatment  number,  date  made 
and  investigator's  name.  These  samples  should  be  stored 
in  a manner  to  prevent  doteriation. 

Data  to  be  reiH>rted  are: 

Body  weight  changes  for  the  three  periods,  0-5,  6-15  and 
16-20  days. 

Feed  consumed  for  the  three  periods. 

Total  amount  of  test  material  ingested  per  animal. 

Dally  amount  of  Lest  raaterial  ingested  per  animal 
expressed  as  mg/kg  of  body  weight. 

Number  of  pregnancies  per  group  at  13  and  20  days. 

Number  of  corpora  lutea  of  pregnancy  per  litter  at 
13  and  20  days. 

Numbers  of  implants  per  litter  at  13  d.ay8. 

Number  of  resorptioiis  per  litter  at  13  days. 

Number  of  liv'o  fetuses  per  litter  at  20  days. 

Number  of  dead  fetuses  per  litter  at  20  days. 

Number  of  resorptions  per  litter  at  20  days. 

Numbers  and  weights  of  males  and  females  per  litter 
at  20  days. 

Number  of  t etuses  examined  for  soft-tissue  defects  by 
litters  and  gioups. 

Number  witli  soft-tissue  defects. 

Number  of  fetuses  examined  lor  skeletal  defects  by 
litters  and  griuips. 

Number  with  skeletal  defects. 

Types  of  suft-l issue  and  skeletal  defects. 

The  final  report  .‘diould  he  completed  within  6 weeks  after 
completing  llie  expir  ir.»  )»t  al  work. 
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Issue  No  . : 1 

Section; 

Dole;  12/20/76 

1,\.  STANFAUn  TFSr  METHODS 

Supeisecics; 

Foot';  Issue; 

St«mlartl  Frocoduro  l/12  for  Toxlcoloj-.tcal  Kvalviat  loo 
Acjiit e I nb.T Intloii  Tox  Iclty 
Purpose: 


Animals: 


Proccduvo: 


To  doti'imliic'  the  ronoiiu  rat  Ion  of  a matorJal  that 
will  produce  phavmaool op,! cal  chaai'.i’a  or  death  in 
rat::  when  they  ;iro  oxposoil  to  It  it:  the  fona  of  a 
particulate  solid  .•’C'l'osol,  a 1 hptivl  aerosol,  a 
vapor,  or  a p.ns. 

Albino  rats,  of  strain  and  soiirco  to  be  specified 
for  each  exporJnuail,  welp.hlns  200-300  randomly 
assigned  to  p.roups  of  10  males  and  10  fem.iloa. 

Arrange  to  generate  an  aJr  .stream  containing  the 
test  imiterlal  at  rpoclflcd  concentrations,  to 
introduce  this  air  stream  into  an  inlialation  chamber, 
and  to  monitor  the  concentration  of  the  m.iterlal  in 
the  chamber.  Expose  the  animals  to  this  atmo.spherc, 
under  dynamic  conditions,  for  1 hour.  Remove  the 
nnlnuils  to  standard  Indivldii.al  cages  and  nornutl  air; 
retain  the  survivors  for  a 14-day  observation  period. 


Concentration 
of  Test 
Substance: 


Unlcs.s  olhcrtjlsc 
material,  expose 
concentration  of 
of  air.  If  more 
exposure,  repeat 
a level  Is  found 
From  the  numbers 
the  material  (1) 


indlc.ated  by  knowledge  of  the  test 
the  first  group  of  nnlin.Tls  to  a 
200  mg  of  test  substance  per  liter 
than  90%  of  the  animals  die  during 
the  experiment  at  lower  levels  until 
tltat  prodtices  10-90%  mortality, 
of  dtaiths,  calculate  the  for 


Observations: 


During  the  1-hour  expo.sure  period  and  daily  for  the 
next  14  days,  obsenvu'  the  anlrutls  for  mortality, 
behavioral  abnorntl tiles,  and  other  evidences  of 
morbidity.  Necropsy  anltivtls  that  die  or  nppe.ir 
moribund,  aitd,  at  tlic  eitd  of  the  experiment,  necropsy 
all  survivors.  Tlte  lungs,  trachea,  liver,  and 
kidne.ys,  as  well  as  ntty  other  org.ins  that  look 
grossly  abnornMl  are  preserved  In  the  appropriate 
fixative  using  a voUtme  to  ensure  preset v.ttlon  of  the 
speclmcnu.  If  retiulrod  by  s.pt'clal  protocol,  histo- 
logical ex-tmlnatlon  of  Dicsc  tl.s.suoa  will  he  made. 
Weigh  the  lung.s,  liver,  and  kidneys  and  calculate 
orgun/body  weight  ratios. 


(1)  W.  R.  Thompson,  Pacterlnl  Re^. , Fart  I,  D , 115-145  (1947); 
C.  S.  Well,  DtomctrTca,'  8,  249  (1952). 
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CB(l)I.HF(X)KVll(l)JB(l)DG(l)  Section:  Dote:  12/20/76 

JA11(3)TWM(1)JDR(1)KUM(1)RF(1)  IX.  STANDARD  TKST  mmiOOS  Supersedes: 

Poqe: 

Standard  Procedure  i*12  for  ToxIcoIobIcoI  Kvaluatlon 
Acute  Inhalation  Toxicity  (cent ' d) 


Pope:  37 
Issue  No.:  1 


Issue: 


Report: 


Report  the  moans  need  to  j;on<r«to  the  test  atmosphere 
and  result!’,  of  nionl  tor  Inj',  its  concoiur.ition.  Report 
mortalities  and  llAr,*  Report  orp.an/hody  weight  ratios, 
with  npproprtale  iinalysos.  Report  the  results  of 
histological  examination,  and  report  any  other  abnormal- 
ities observed. 

File  the  report  within  4 weeks  of  completing  the 
experiment. 
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